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‘PSYCHIC’ AND ‘ACCOUNTING’ CONCEPTS OF 
INCOME AND WELFARE 


By 8. HERBERT FRANKEL 


I 


Tus article originally formed part of the draft of a longer paper prepared 
as a basis of discussion for the 1951 meeting of the International Associa- 
tion for Research in Income and Wealth. The purpose of that paper was to 
explore certain conceptual problems involved in the definition and measure- 
ment of ‘income’ and ‘product’ in underdeveloped countries—in particular 
to analyse some logical limitations to the inter-comparability of national 
income aggregates. 

This exploratory saunter led me, however, to enter more deeply into 
certain philosophical and semantic issues—for which, as a supremely 
unqualified ‘idiot’, to use Professor Robertson’s convenient terminology, 
I make due apology. Since these general reflections may be of some 
interest in relation to the present state of the long-drawn-out debate in 
regard to the meaning and measurement of income and welfare and indeed 
in regard to ‘Utility and All That’, not only in ‘underdeveloped’ but in 
our own complex ‘advanced’ societies, I have incorporated them in an 
abbreviated form in this article and have added certain quotations from 
and references to recent articles by Robertson, Pigou, and Scitovsky 
which were published after my paper was written.? 

For a considerable time economists who have concerned themselves 
with national income questions in underdeveloped societies have been 
uneasy about the real meaning of such calculations in relation to the day- 
to-day activities, aspirations, and feelings of the peoples concerned. Like 
that pioneer in national income researches, Professor Simon Kuznets, they 
have been led to ask whether indeed the whole complex of goods produced 
and consumed may not be so different between countries in different 
stages of development that one cannot establish any statistical equilibrium 
between them—as for example Mr. Colin Clark in his well-known inter- 
national comparisons has endeavoured to do. 

1 In his exhilarating article on ‘Utility and All That’ (Manchester School Studies, May 
1951) Professor Robertson writes: ‘These lectures are in the nature of an interim report by 
an idiot to his fellow idiots; and I must therefore appeal to any non-idiots present to judge 
them with indulgence. By an idiot in this connection I mean one who has had no training in 
modern philosophy or in the higher mathematics, who is indeed easily fatigued by prolonged 
stretches even of simple algebra and geometry, and who therefore finds it difficult to follow 
the general drift, and impossible to follow the detail, of arguments couched largely in philo- 
sophical or mathematical terms.’ 

2 The part of the original paper which deals with the specific problems of underdeveloped 
territories will be published with other papers printed for the conference by the International 


Association on Income and Wealth in a special volume. 
4520.1 B 








2 ‘PSYCHIC’ AND ‘ACCOUNTING’ CONCEPTS 


I myself have, in the course of making official estimates of the national 
income of South Africa, been greatly troubled in trying to arrive at a 


satisfactory meaning for the aggregates calculated for a society which 


incorporates so vastly different ‘economies’ as that of the indigenous 
peoples of the country on the one hand, and that of the modern economic 
sector on the other. 

There is another difficulty which cuts right across the mere problem of 
calculation: to anyone who has had experience of ecdnomically less ad- 
vanced communities, in which fundamental social factors often reveal 
themselves more directly and forcefully than they do in more complex 
societies, it is clear that at all times the attempt by the individual to 
obtain what we call ‘income’ is an attempt to achieve a social purpose 
and not an isolated activity. It is not merely (and sometimes not at ali) 
an attempt to create a set of individual values or an abstract entity 
such as ‘an individual income stream’. The creation of ‘income’ is of a 
piece with social communication—even if the accounting or economic 
symbolism which we employ in more advanced societies is such as to 
disguise this fact. 

At the root of all these difficulties of definition and comparability there 
lies, I believe, an unresolved dichotomy in the meaning ascribed to national 
income aggregates. This is due to the fact that, although the process of 
measuring the national income is a strictly accounting procedure, the 
aggregates so obtained are frequently used for purposes which transcend 
the accounting relations which can alone be expressed by them. It is 
precisely this extension of the concept of income which belongs to one 
category of logical thought, to express something such as welfare or 
‘ecfare’! which falls into another category of thought and cannot be 
expressed in accounting terms at all, which is responsible for the state of 
disillusionment with ‘welfare economics’. 

This dichotomy cannot be avoided by a flight into neutral concepts 
designed to by-pass the problem, for example by measuring changes in 
productivity in order to avoid ‘value’ judgements. Indeed not even the 
use of such specially manufactured crafty words as ‘ecfare’ will help us 
out of the difficulty. This is so not only because the mere calculation of 
statistical aggregates divorced from social reality and purpose is valueless, 
and indeed dangerous in that it results in the creation of an empty sym- 
bolism in place of realistic goals of social action, but because it avoids the 
fundamental issue—namely, whether the logical principles which lie at the 
root of the procedure are valid. 


1 To use a term which Professor Robertson substitutes ‘partly for brevity and partly in 
the hope of craftily dispelling the notion that the phrase “economic welfare”’ is bulging with 
ethics and emotiveness’ (ibid., p. 130). 
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8S. HERBERT FRANKEL 3 


It will be the main thesis of this article that it is a logical fallacy to 
regard the satisfaction or utility which (it is alleged) is ‘yielded’ by, or 
derived from, goods and services as ‘income’ in any meaningful sense, 
because the term ‘income’ is an accounting term and can only meaning- 
fully express an accounting relation. I submit that the assumption that 
there are comparable abstract private criteria or values embedded in an 
individual’s stream of consciousness which represent income as something 
other than, additional to, or a counterpart of purely accounting relations 
recorded in objective transactions—‘income’ which is thought to be the 
‘stuff’ out of which welfare is constructed—is a fiction ; and I submit that 
the belief that the simple comparison of accounting aggregates between 
different societies indicates something more than the specific accounting 
relations which such aggregates alone portray is untenable. 

In order to develop this thesis I must crave the reader’s indulgence for an 
unavoidable detour along well-worn paths as it is necessary to re-examine 
some of the basic definitions and analytical procedures of the two pioneers 
in this field, Pigou and Irving Fisher. 


II 


Pigou,! in defining economic welfare as ‘that part of social welfare that 
can be brought directly or indirectly into relation with the measuring rod 
of money’, was not primarily concerned with measuring ‘economic 
welfare 2 in order to obtain a barometer or index of total welfare, nor to 
discover how large total welfare is, but how its magnitude would de affected 
‘by the introduction of causes which it is in the power of statesmen or 
private persons to call into being’. Indeed, he emphasizes this view by saying 
that ‘though the whole may consist of many varying parts, so that a change 
in one part never measures the change in the whole, yet the change in the 
part may always affect the change in the whole by its full amount’. Thus 
‘it will not, indeed, tell us how total welfare after the introduction of an economic cause, 
will differ from what it was before, but it will tell us how total welfare will differ 
from what it would have been if that cause had not been introduced’. 

Moreover, he specifically states: 


‘It will be sufficient to lay down more or less dogmatically two propositions ; first, 
that ths elements of welfare are states of consciousness and, perhaps, their relations ; 
secondly, that welfare can be brought under the category of greater or less.’ [My 
itaiics. }* 

1 Al]! quotations from Pigou are from The Economics of Welfare unless otherwise indicated. 

® ‘T's Pigou the two concepts, economic welfare and the national dividend, are co-ordinate, 
and ‘jvst as economic welfare is that part of total welfare which can be brought directly or 
indirectly xtc relation with a money measure, so the national dividend is that part of the 
objective income of the community . .. which can be measured in money’. 

3 In & note on ‘Real Income and Economic Welfare’ (Oxford Economic Papers, February 
1951) Professor Pigou now concludes that it is only in one case out of the three which he 
discusses that ‘inferences about economic welfare are possible’, and that in others ‘no 





4 ‘PSYCHIC’ AND ‘ACCOUNTING’ CONCEPTS. 


Indeed in his most recent article he writes :1 

“What do we mean by the economic welfare of an individual? It will be generally 
agreed that this must be somehow resident in his state of mind or consciousness. 
When we speak loosely of ‘material welfare’, in the sense of a man’s income or 
possessions, that is not welfare, as we are thinking of it here. Material welfare may 
be a means to welfare, but it certainly is not identical with or a part of it. As it seems 
to me, welfare must be taken to refer either to the goodness of a man’s state of mind 
or to the satisfactions embodied in it.’ [Italics in the original.] 

Now I suggest that the goods and services which we are, or believe 
ourselves capable of, bringing, directly or indirectly, into relationship with 
the measuring-rod of money are not one set of data or events, while the 
welfare which Pigou regards as following from them, directly or indirectly, 
is another set of data or events. To say that a man has more of certain 
goods and services and that his welfare will consequently be increased be- 
cause he has them is to speak of two series of events where there is only 
one. In accordance with this definition of welfare, i.e. as expressed in terms 
of goods and services, welfare will necessarily be increased or diminished 
as the amount of goods and services is increased or diminished. As 
defined, they are a part of some larger whole which we can describe as 
his welfare as a whole—but logically speaking an increase or decrease in the 
amount of goods and services does not affect his total welfare, except only 
by the increase or decrease in the amount of those goods and services 
themselves, i.e. in so far as welfare has been defined in terms of goods and 
services, 

The national dividend represents an arbitrary addition of certain gross 
or net values arbitrarily ascribed by society, or by the national income 
calculator, to certain events or happenings perceived by human beings. 
They are usually those events which take the form of goods and services 
which can more or less readily be so valued or measured. But in adding 
up such a series of events or happenings and calling the total the national 
dividend, we must not imagine that they throw light on yet another series 
of events or happenings. 

It is this manner of looking at the national dividend as a counterpart 
of something else which, I believe, is responsible for the dichotomy to 
which I have referred. It is one of those types of mistake which, as 
Professor Ryle has explained,? arises from representing facts ‘as if they 


inferences about changes in economic welfare can be drawn from price quantity statistics’. 
I am not, however, concerned in this paper with the practical difficulties of interpreting price 
quantity statistics. My analysis is designed to show that welfare inferences from them 
(irrespective of the number of cases) are either logically invalid or necessarily tautologous, as when 
economic welfare has already been defined in terms of the very goods and services which can be 
measured by price quantity statistics. 

1 *Some Aspects of Welfare Economics’, American Economic Review, June 1951, p. 288. 

2 Gilbert Ryle, The Concept of Mind, Hutchinsons University Library, 1949, p. 16. Iam 
greatly indebted not only to the book but to Professor Ryle personally for valuable sugges- 
tions. 
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belonged to one logical type or category . . . when they actually belong to 
another’. Among other illustrations he gives the following: 


‘A foreigner visiting Oxford or Cambridge for the first time is shown a number of 
colleges, libraries, playing fields, museums, scientific departments and administrative 
offices. He then asks ‘‘ But where is the University ? I have seen where the members 
of the Colleges live, where the Registrar works, where the scientists experiment and 
the rest. But I have not yet seen the University in which reside and work the 
members of your University’. It has then to be explained to him that the University 
is not enother collateral institution, some ulterior counterpart to the colleges, 
laboratories, and offices which he has seen. The University is just the way in which 
all that he has already seen is organized. When they are seen and when their co- 
ordination is understood, the University has been seen. His mistake lay in his 
innocent assumption that it was correct to speak of Christ Church, the Bodleian 
Library, the Ashmolean Museum, and the University, to speak, that is as if “‘the 
University” stood for an extra member of the class of which these other units are 
members. He was mistakenly allocating the University to the same category as that 
to which the other institutions belong.’ 


Now I suggest that when, by using a common unit of account, we add up 
‘net values’ of certain events or happenings (goods and services) we are 
simply ‘measuring’ certain parts of a larger whole, just as if we were 
describing different parts of the University. It would be as wrong to regard 
these goods and services as causing welfare as it would be to regard the 
different buildings as causing the University. The University is not a 
counterpart to its teachers and buildings; nor is society’s welfare a counter- 
part of its goods and services. Similarly, when we say that we have 
measured the increase in the value of goods and services produced in a 
society, we cannot then proceed to speak about this increase causing a 
further increase in the welfare (or ‘ecfare’) of society. An increase in the 
amount of goods and services does not affect the total welfare of society, 
except by definition through this very increase or decrease in such goods 
and services themselves. Pigou is thinking of the national dividend as an 
objective counterpart of something else, i.e. of subjective experiences. 
But it is, I submit, logically fallacious to imply that because we can 
‘measure’ some of the former we can thereby imply or measure the latter. 

What I should like to stress particularly at this point is, however, that 
it is not a change in the national dividend or measurable net money income, 
as narrowly defined, which causes a change in welfare, but that it is a 
change in what is, by habit, custom, or belief, regarded by the society 
as constituting welfare which determines the nature, and frequently the 
amount, of the national dividend itself. In terms of Professor Ryle’s 
analogy, it is the idea of what the University is or should be which deter- 
mines how its constituent parts will grow or be permitted to grow, and not 
vice versa. It is the ultimate (conscious or unconscious) purpose for which 
those events we call ‘income’ are desired that determines the nature and 
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extent of the forms in which income will be incorporated. We cannot, 
therefore, compare ‘income’ aggregates for different societies, or even 
‘evaluate’ income in them, without taking into account the social purposes 
and system which govern the creation of income. A society which glorifies 
war will have a different ‘system or concept of welfare’ and hence different 
concepts of what is ‘income’ from one which desires peace. It is said of the 
Bushmen of South Africa that no attempts to bring them to adopt the 
social life of a modern community were at any time successful. They 
remained hunters—notwithstanding their high intelligence, capability of 
practising arable agriculture and of creating other goods and services— 
because they liked hunting. Hunting was their ideal form of welfare ; and, 
therefore, ‘income’ to the Bushmen (if we can use the word in this context 
at all) was defined in terms of success in the chase and in the sustenance 
yielded by the chase alone. Such ‘income’ could not be compared with 
‘equivalent’ goods and services which might have resulted from some other 
form of activity, or with ‘income’ in a society of non-hunters. 

The income-creating process is itself part and parcel of the income it 
yields, and the results of the process cannot be abstracted from the process 
itself. It is inadmissible to ‘evaluate’ the activity of hunting merely by the 
number of animals caught, and still more fallacious to compare the figure 
so obtained with, say, the ‘value’ of meat obtained by another society 
from the slaughter of domestic beasts. The activity and the income are 
inseparable and are both embedded together in the customs and ways of 
thought which mould the social life of the community as a whole. 

In other words, the relation between total welfare and economic welfare 
or income (Pigou’s national income or dividend) is a relationship similar to 
that between the rules, laws, constitutional arrangements, habits, institu- 
tional patterns, and beliefs which govern society and the results of the 
social activities so regulated. It is a relationship similar to that between 
the rules according to which a game is played, the playing of the game, and 
the points in which the score is reckoned. To identify, or seek for, a 
functional relationship between income and total welfare is as logically 
fallacious as to identify the points scored in playing a game with the ‘value’ 
of the game to the players. 

As I endeavour to show below, when we speak of, for example, ‘the 
maximization of income’ we are using a term with strictly limited meaning 
—one which is meaningful only as an accounting expression, the expression 
being implicitly subsumed under the accounting ‘laws’ or rules which we 
have adopted for that kind of reckoning. It would be absurd to speak of 
maximizing the rules of the game itself. The game of chess is played in 
accordance with certain prescribed and generally accepted rules. If we so 
desire we can measure, evaluate, or account the skill of the player accord- 
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ing to an accepted scale of points or awards and penalties. The player, by 
the exercise of appropriate skill, could thus maximize his points or 
‘earnings’. But we cannot meaningfully assess the ‘welfare’ or psychic 
income, or utility or pleasure flowing from the game of chess to the player 
by adding up the score. 

It is logically as fallacious to speak of maximizing total welfare as it is 
to speak of maximizing the University. The total welfare of society is not 
some ‘ulterior counterpart’ to the production of goods and services which 
can be measured in money ; nor does it consist only of those events which 
cannot be so measured; nor is it necessary for an understanding of it to 
postulate states of consciousness, ‘psychic’ income, and the like. 

When we examine the different activities of society, both those which 
can and those which cannot be expressed or symbolized in accounting 
terms as income, we are examining aspects of its welfare. Society’s total 
welfare is just the way in which all these activities are organized. When 
they are perceived and assessed, and when their system of ordering and 
co-ordination has been described and grasped, the total welfare of society 
has been, ipso facto, assessed also. To speak as if total welfare stood for 
an extra member of the class of which these other activities are members is 
mistakenly to allocate total welfare to the same category as that to which 
the other institutions which govern the activities of society belong. 

I submit that this analysis shows how dangerous it is to embark too 
hastily on international and indeed inter-temporal comparisons between 
income aggregates. 

To endeavour to assess and compare ‘welfare’ merely by comparing 
national income aggregates for societies with different laws, rules, con- 
ventions, hopes, and ideals is as fallacious as to try to assess the pleasure 
which a pair of players derive from playing dominoes, and then compare it 
with that yielded to another pair engaged in playing chess, by comparing 
the points scored by the players in each game. 

Where the system of rules, the social order of preference, or the value 
system as a whole is different, comparisons of parts of each system are 
invalid unless those parts are related to some external objective standard 
of measurement. Thus it is meaningful to compare the average expectation 
of life in different communities, or the incidence of different diseases, or the 
number of calories of food, if we are agreed as to the purpose for which we 
make such comparisons; but if our laws, rules, or conventions differ as to 
the importance of any of these, comparison itself can tell us very little. 

I submit that the belief that we can readily compare national income 
aggregates between greatly differing societies is, in the last resort, to be ex- 
plained by a peculiar assumption which underlies the concept of income in 
‘advanced’ Western societies, namely, that the individual possesses certain 
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essentially private criteria (or even that welfare consists in having certain 
private units of something) according to which he alone can assess his 
welfare ; criteria which are inaccessible to, and which cannot be objectively 
assessed by, others; criteria which are to be found in individual states of 
consciousness and can therefore only be measured indirectly. 

On this assumption it is argued that, if we can measure in money terms 
the goods and services which make up the ‘income’ of these individuals, 
we can infer and assess the private values or criteria, the inner stream of 
consciousness, the satisfaction or the utility, which individuals, irrespective 
of the society to which they belong, enjoy. It is implied, then, that inter- 
national comparisons of income are meaningful precisely because such 
comparisons refer to this abstract entity—this individual ‘income’; 
‘income’, namely, which is dissociated from the specific social context in 
which it is embedded, and which all individuals ‘enjoy’ irrespective of the 
society to which they belong. 


III 


What is ‘welfare’ or ‘economic welfare’ to Pigou was ‘psychic or enjoy- 
ment income’ to Irving Fisher. This psychic theory of income is by no 
means of merely historical interest. In my opinion it is, notwithstanding 
many modern devices to escape from it, still embedded in our ways of 
thought.1 

To Fisher ‘income’ is a series of events,? but the events he regards as 
constituting ‘ultimate income’ for each individual ‘are only those events 
which come within the purview of his individual experience’. It is the 
abstract ‘psychic experience of the individual mind’ with which Fisher is 
concerned. To him ultimate income is nothing if not a private process of 
observing (and privately measuring) these inner events of enjoyment: the 
counterpart of real income—a counterpart located in the ‘mind’ of the 
observer. It is as if, while eating my dinner, I am observing, recording, or 
reporting to myself on the ‘agreeable sensation’ and experience of eating 
it ; and it is as if I calculate or measure my net psychic income by not only 
continually observing, recording, and reporting on ‘agreeable sensations "— 
if that is possible—but also by observing and reporting on accompanying 
disagreeable ones (such as those which Fisher calls the ‘labour pains’ 
involved in earning income) and deducting the latter from the former. 

Herein also lies the source of the belief that somehow the goods and 
services which an individual receives are the cause of welfare—the cause, 


1 See, for example, the quotation from Kenneth E. Boulding on page 13 below, and my 
subsequent remarks. 
2 The Theory of Interest, pp. 1 and 5. 
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namely, of something additional to them: something which occurs in the 
minds of individuals. 

I submit that this concept of the relation between measurable ‘income’ 
and welfare is simply a para-mechanical hypothesis, the dangers of which 
Professor Ryle has so trenchantly exposed. It is based on that type of 
category mistake which he has called ‘the category mistake which under- 
lies the dogma of the ghost in the machine’. He states that, in uncon- 
scious reliance upon this dogma,! 

‘Theorists and laymen alike constantly construe the adjectives by which we charac- 
terise performances as ingenious, wise, methodical, careful, witty, etc., as signalling 
the occurrence in someone’s hidden stream of consciousness of special processes 


functioning as ghostly harbingers or more specifically as occult causes of the per- 
formances so characterised.’ 


But in opposition to this entire dogma he argues that: 


“in describing the workings of a person’s mind we are not describing a second act of 
shadowy operations. We are describing certain phases of his one career ; namely, we 
are describing the ways in which parts of his conduct are managed’. For a person is 
‘bodily active and he is mentally active, but he is not being synchronously active in 


999 


two different ‘‘places’’’. 


I submit that in defining ultimate income as enjoyment or psychic 
income and as the ‘inner events of the mind’ Fisher? falls into the type of 
category mistake which we have been discussing. This psychic income is 
not an event or happening which ‘occurs’ somewhere, i.e. in a person’s 
mind, and is ‘caused’ by another ‘external’ event or happening, for 
example, by the receipt of goods and services by that person. To ask 
where and when does the psychic income occur would be like asking, for 
example, concerning the meaning of an expression, ‘“‘when and where do 
these meanings occur ?”’. . . The phrase “‘that such and such an expression 
means”’ does not describe a thing or happening at all, and a fortiori not 
an occult thing or happening’.? Eating my dinner and enjoying it are not 
two events but one. ‘We do. . . things because we like doing them, or 
want to do them, and not because we like or want something accessory to 
them. ... The angler would not accept or understand an offer of the 
pleasures without the activities of angling. It is angling that he enjoys, not 
something that angling engenders’ (p. 132). 

The agreeable sensations which Fisher would have us believe are the 
stuff of which ultimate psychic income is made are not things or episodes. 
It is therefore ‘nonsense to speak of observing, inspecting, witnessing, or 
scrutinising them’; and it is, I submit, equally nonsense to try, as Fisher 
would have us try, to ‘measure’ them, however indirectly, ‘since the 
objects proper to such verbs are things and episodes’. 


1 Op. cit., p. 50. 2 Op. cit., p. 4. 5 Gilbert Ryle, op. cit., p. 295. 
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It does not make sense to speak of my observing, scrutinizing, reporting 
on, being conscious of, inferring, or measuring that I am enjoying the eating 
of my dinner. If it did, then ‘it would seem to make sense to ask whether, 
according to the doctrine, I am not also conscious of being conscious of 
inferring,! that is, in a position to say ‘‘Here I am, spotting the fact that 
here I am deducing such and such from so and so”. And then there would 
be no stopping place ; there would have to be an infinite number of onion- 
skins of consciousness embedding any mental state or process whatsoever’. 

Now it is precisely this infinite regression in the thing we are trying 
to ‘measure’ which puzzled Fisher and which, I submit, underlies the 
dichotomy to which I have referred. What we call the ‘measurement’ or 
‘calculation’ of the national income is nothing more or less than the 
application of accounting principles to certain types of economic data. 
Fisher was an early pioneer in this field. To him accounting was ‘not a 
mere makeshift, but a complete, consistent, and logical system’. In 
critically applying it he aimed, firstly, at making the most rigid logical 
distinction between the nature of capital and income. He wished to avoid 
the heterogeneous combination of ‘commodities’ and ‘services’; the first 
he regarded as concrete wealth and the other as the abstract use of it.2 His 
second main objective was to elucidate that what we call the measurement 
of income is but the drawing up of a system of accounts. The significant 
feature of any consistent system of accounts is always that in it every 
receipt of ‘income’ appearing on the debit side of the account is exactly 
offset by an equal item of ‘outgo’ on the credit side. Thus the process of 
book-keeping ‘amounts to a continued series of snapshots of the train of 
enterprises moving through time’.* Even a profit and loss account 
covering a period between the dates of two balance-sheets is only a detailed 
reconstruction of how the capital accounts changed as between the two 
dates of the balance-sheets. ; 

Unfortunately, however, under double-entry book-keeping transactions 
only can be recorded, and a transaction involves the passing of money or 

1 Gilbert Ryle, op. cit., p. 163. 

2 “To bring about homogeneity’, he writes, ‘we could exclude uses altogether and confine 
‘income’ to concrete commodities ; or ‘we could exclude commodities altogether and restrict 
the term wholly to uses’ [my italics]. ‘The only true method’, he insists, ‘is to regard 
uniformly as income the service of a dwelling to its owner (shelter or money rental), the 
service of a piano (music), and the service of food (nourishment) ; and in the same uniform 
manner to exclude alike from the category of income the dwelling, the piano, and even the 
food. These are capital, not income; .. . Their income follows later in the form of piano music 
and nourishment.’ [My italics.] The Nature of Capital and Income, pp. 105-6 (New York 
and London, 1919). 

It is this extension of the use of the accounting term ‘income’ to cover the process of 
consunvption which I analyse and criticize in the text above. Fisher’s distinction between 
capital and income in an accounting sense is, however, extremely important and is still 


frequently overlooked. 
* W. J. Busschau, Measure of Gold, p. 17 (South Africa, 1949). 
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money’s worth. This fact immediately brings us up against Fisher’s central 
difficulty, namely, that ‘money receipts’, as he says,! may be ‘good 
makeshifts for trwe income [my italics], but even from a practical point of 
view they will not always serve, while as a matter of strict theory they 
are always wrong. They could be right only under the condition that all 
income, from whatever source [my italics], flowed through the cash drawer.’ 
If it were true that ‘the flow out of that drawer consisted exclusively of 
expenditures for each and every sastifaction as it occurred, then the flow 
of money through the cash drawer would serve as a proper measure of 
income, and the cash drawer might be called a sort of income meter’. But, 
in fact, ‘not all income passes through the meter. Some passes around it, 
as, for instance, the shelter derived from a man’s own house or the comforts 
from his own furniture. . . .” 

Here we come to the crux of the matter, for in order to overcome the 
inherent logical distinction between what can and what cannot be expressed 
in accounting terms—between what takes place in the transactions of the 
market place and is recorded in money terms (or its equivalent) and what 
is never so recorded, i.e. the utility or satisfaction yielded by commodities 
when finally consumed (which Fisher calls the abstract use of wealth and 
which he regards as ‘true’ income)—Fisher has to invent a bridge between 
two logically different and incompatible categories of thought. He has to 
go beyond the system of accounts of the market place; for in the case of 
real persons, i.e. final consumers, the two sides of the account containing 
only such recorded transactions do not finally balance, because the accounts 
do not, as to be consistent they should, consist solely of double entries. On 
the contrary, the income and ovtgo accounts of such ‘real persons’ contain 
a residue of items which will not pair, e.g. the shelter of a person’s home, 
use of furniture, use of food, use of clothes, &c. For, of course, those items 
constitute a kind of ‘income’ (i.e. the final ‘use’ of those commodities) 
which does not appear elsewhere as ‘outgo’. There always remains, when 
applying the accounting system to real persons, ‘some outer fringe [my 
italics] of uncancelled income’.* All other services are merely preparatory 
to such services, and pass themselves on from one category of capital to 


1 Cf. The Nature of Capital and Income, p. 137. 

2 It should again be noted that, to Fisher, ‘The income from any instrument is therefore 
the flow of abstract services rendered by that instrument ’—unlike capital which is a fund at 
an instant of time and consists of concrete wealth. The word ‘flow’, however, is apt to be very 
misleading in any case, because in fact in dealing with transactions we do not measure a 
flow at all in the sense of measuring, say, the flow of water past a certain point over a period 
of time. What we do is to construct a balance-sheet at different points of time, and the 
construction of balance-sheets involves evaluation of the assets at these different points 
of time. But evaluation of assets in that sense involves the introduction of an ideal or 
standard income. 

8 Which consists of what economists have usually called consumption (Fisher, The Nature 
of Capital and Income, p. 164). 
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another. Thus the ‘income’ from investments, being deposited in a bank, 
is ‘outgo’ with respect to the bank account; the bank account yields 
‘income’ by paying for stocks and bonds, food, &c.; but in each case the 
same item enters as ‘outgo’ with respect to these and other categories of 
capital. In all these cases the individual receives no ‘income’ which is not 
at the same time ‘outgo’. It is only as he consumes the food, wears the 
clothes, or uses the furniture that he receives ‘income’. 

What is significant in Fisher’s approach is that to overcome this dicho- 
tomy he invents a fiction similar to the one which is usually employed to 
obtain the symmetry of a double-entry accounting system in connexion 
with the investment made by the proprietors of a business in that business. 
This fiction consists in our conventionally regarding such a business or 
venture as something apart or dissociated from its proprietors. So Fisher 
employs, as a last resort, the fiction that the body as a transforming instru- 
ment is something apart or dissociated from its ‘proprietor’, namely, “the 
mind’ to which the ‘body’ pays out final (or ‘true’) income, which final 
income, he argues, is not received until, as subjective income, it emerges 
into ‘the stream of consciousness of any human being ’!—a concept which, 
as I have shown, is on all fours with that held by Pigou concerning the 
ultimate nature of ‘welfare’. 

Many examples in Fisher’s book show how powerfully he was influenced 
by this attempt to complete the system of accounts of the workaday world 
by extending it to the realms of the mind ; for example 


‘,.. if we include the body as a transforming instrument, while we must credit as their 
respective services all these outside agencies, such as, food, clothing, dwelling, 
furniture, ornaments and other articles which, as it were, bombard a man’s sensory 
system, we must also at the same time debit the body with the same items. In this 
case the only surviving credit items after these equal debits and credits are cancelled 
are the resulting final satisfactions in the human mind.” [My italics.] 

Now it will be immediately apparent that, if we accept this concept of 
‘ultimate’ or ‘true’ income based on fictional mental accounting, we would 
have to postulate another ‘mind’ or skin of consciousness in which the 
mental accounting is conducted. But then, as Professor Ryle has demon- 
strated, ‘there would be no stopping place in an infinite number of such 
minds or states of consciousness’. 

For clearly the net psychic income (negative or positive) could only be 
calculated by ‘balancing off’ the mental accounts at different time- 
intervals. If, for example, exertion, labour, pain, anxiety, or trouble is 
expended by a person in obtaining durable goods in period 1, but these only 
begin to be consumed in period 2, does the person keep a mental ‘income’ 
and ‘outgo’ or a mental ‘profit and loss’ account? Does he carry in his 


1 The Nature of Capital and Income, p. 168. 
3 Ibid., p. 167. 
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mind a mental capital account ? When he receives a new suit of clothes 
does he make a mental] debit entry, e.g. ‘To Unconsumed Satisfaction’, 
and a mental credit entry to that account whenever he wears the suit ? 
When a person has paid for his education or physical training does he keep 
a mental capital account showing this investment, and does he credit 
himself with the ‘income’ it yields to him in the future? If he does indeed 
conduct these peculiar operations in his mind it would be most interesting 
to know when they occur—hourly, daily, weekly, or annually! 


IV 


I have dealt at length with Fisher’s abortive attempt to build an arti- 
ficial bridge between an accounting and a psychic concept of income, in 
order to show that such concepts as ‘income’, ‘outgo’, ‘receipts’, and 
‘expenditure’ can only be meaningfully used as accounting concepts and 
cannot be extended to embrace ‘income’ in a psychological sense. Until 
we realize this clearly we cannot hope to rid ourselves of serious current 
confusions. 

Even so constructive a thinker as Kenneth Boulding uses the word 
‘income’ and ‘outgo’ in both an accounting and a psychological sense.? 
The distinction he makes between the pair of terms ‘income’ and ‘outgo’ 
on the one hand, and the pair of terms ‘receipts’ and ‘expenditure’ on the 
other hand, while interesting, does not get him out of this tangle since 
these are all accounting terms and can only refer to recorded transactions, 
until we come to Fisher’s ‘residue of items which will not pair’, i.e. the 
‘consumption’ of objective goods and services which cannot be expressed 
in accounting terms, unless we follow Fisher’s attempt and postulate that 
the individual keeps subjective mental accounts with himself. And indeed 
Boulding ends up just as Fisher did by saying: 

‘When psychic capital is taken into consideration, however, it may be doubted 
whether there are any really non-durable goods. Even the things usually labeled as 
services, such as movies, in fact produce psychic capital with a limited rate of 
depreciation. We go to the movies in order to produce the mental state of just having 
gone to the movies. This mental state is the commodity which we purchase with the 
price of admission: it is a commodity which depreciates like every other commodity. 
For some individuals it depreciates rapidly, so that it has to be replaced in a week or 
less: in other individuals the rate of depreciation is slower so that they do not have 
to go to another movie for a month or even several months.’ [My italics.] 

- Moreover, to say, as Boulding does, that ‘a farmer earns income as the 
value of his crop grows’ is to confuse capital and income on the one hand, 
and to fail to distinguish between ‘standard’ and ‘realized’ income on the 
other.2 The growing crop does not represent the ‘earnings’ of ‘income’. 

1 K. Boulding, A Reconstruction of Economics, 1950, pp. 139-41. 


® Fisher rightly insisted on the fundamental logical distinction between the ideal (or 
standard) income and the actual (or realized) income. 
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Such growth can be ‘reflected’ in a capital account which attempts to assess 
the value of income in prospect, but what may eventually be realized as 
income is not income that has been realized. Realized income is precisely 
that income which has been detached from capital by being converted into 
money (or into another recorded asset form) in a recorded transaction. It 
is the recorded transaction which shapes it as income in an accounting sense. 
Our measurement of ‘income’ can logically refer only to income which 
has so been ‘realized’. For only this income can enter into any form of 
accounting—which is basically a process of objective social evaluation. 
That such objective social evaluation, depending on ‘market transactions’, 
is never free from subjective hopes and expectations concerning the future, 
and that over large sectors of the economy transactions may be recorded 
which are not based on ‘market’ valuations at all, does not alter the fact 
that there is a basic logical distinction between such objective evaluation 
and that procedure which I contend is illegitimate, namely, the use of 
accounting concepts to evaluate subjective processes which allegedly take 
place within a person’s mind or within himself. 

The ‘income’ of which we can take account and ‘measure’ must, willy- 
nilly, refer only to publicly disclosed evaluations arising out of recorded 
transactions. If we wish to distinguish between ‘consuming’ and ‘spend- 
ing’, the farthest point to which accounting can take usis to that objective 
balance-sheet which records the expenditure by a person on durable goods ; 
but the use or consumption of these goods does not ‘yield’ income. To 
speak as if it does is to apply accounting concepts to a category of thought 
which it does not fit. One cannot speak of consumption yielding ‘income’ 
in the same sense as a bank account or stocks and shares yield ‘income’. 
We do not, when we consume a piece of bread, speak of the bread yielding 
‘income’, nor do we regard that portion of the bread which remains un- 
consumed as capital. To speak in this way would involve that process of 
mental accounting, the fallacious nature of which I have endeavoured to 
expose. 

Private persons may of course keep private accounts which would 
indicate the change in the values of durable goods in their possession 
between two periods of time; but if one were to attempt to argue that 
persons keeping such accounts would thereby be measuring the ‘income’ 
they receive from the use of such goods (the fall in their value being taken 
to represent the income which has ‘accrued’ to the person in the intervening 
period), one would again be failing into a fallacious use of the word ‘income’, 
which really expresses an accounting relation and not something which is 
the counterpart of the using up of a durable good in the process of con- 
sumption. 

Moreover, in this connexion one must avoid confusing windfall gains (or 
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losses)—which might accrue to a person if he sold a durable good in the 
market—with income. Such gains (or losses) are not ‘income’ but capital 
appreciation (or depreciation) and are due to the society’s valuation of 
expected future income ; income, however, which is expected in the future 
is but the prospect of income—an ideal or target which may never be 
realized. 

Now it is quite true that persons or fictitious persons can and do buy 
and sell prospects (and can thus individually realize in a true accounting 
sense windfall gains or losses made at the expense of other persons) which 
are changes on capital account; but for the whole system of social accounts 
there can be no windfall gains or losses of this nature. Society as a whole 
cannot convert its prospects into income until time and good fortune have 
fulfilled them. Society cannot make a windfall gain or loss except in the 
sense in which a person can be said to gain where an wnexpected pleasurable 
event occurs or lose when an expected pleasurable event fails to occur. If 
society tried to measure such psychological windfalls, it would be keeping a 
mental account with itself.1 But no accounts can portray relations between 
a person or society with himself or itself. Meaningful measurement ceases 
at the point at which persons acquire objective goods and services ; to go 
beyond is to enter the realm of hope and fancy.” 


V 


It might appear that the previous analysis has led us to disconcerting 
conclusions, but I suggest that this is not the case. Once we cease to be 
misled by the mirage of fictional mental accounting, and by attempts 
to portray through very simple accounting aggregates the infinite variety 
in the value and preference systems of different societies with which we 
are confronted, we will free the welfare concept from a serious dichotomy 
of thought, and will realize that the mere calculation of accounting rela- 
tions cannot in itself answer, and should not be expected to answer, 
questions the answer to which does not lie in the realm of measurement. 

Moreover, we will realize that the accounts (and accounting symbolism) 
of different societies are not comparable ; that we cannot compare separate 
accounting aggregates for one society with those relating to another with a 
different social and economic framework, and hence a different system of 
accounting values. We cannot assume that what appears to be ‘income’ in 

1 Society can, however, like the individual, sell prospects (a capital transaction) to other 
societies. For example, the sale of mineral rights or prospects to foreigners (and the import 
of other goods in exchange). This illustration precisely indicates the difference between 


objective accounting transactions to which the terms capital and income can be applied and 


subjective ones to which they cannot. 
2 As Professor J. R. Hicks has so rightly concluded in his important book Value and 
Capital (p. 180): ‘.. . the concept of income’ . . . is ‘one which the theoretical economist only 


employs at his peril. For him income is a very dangerous term. .. .’ 











16 ‘PSYCHIC’ AND ‘ACCOUNTING’ CONCEPTS 


one society can be compared with ‘income’ recorded in another, because 
since the ‘income’ which we can grasp is an accounting relation and not a 
psychic entity what will be so recorded in the two different societies will 
differ in its significance according to the nature and ideals of the society 
itself. 

Thus one of the main tasks which now confront economists, statisticians, 
and sociologists emerges more clearly, namely, to determine which factors 
constitute the welfare pattern—rather than to stop short at comparing 
symbols which do not adequately portray it. To say this, of course, raises 
many more questions than it answers. Perhaps I may be permitted to ask 
that supremely ‘idiotic’ question which has popped up its head throughout 
this article only to be resolutely suppressed: What do we gain by the 
complicated symbolism which pictures this mental thing—this alleged 
counterpart to reality—called Utility, Satisfaction, Welfare, Ecfare, or 
Plain Everyman’s ‘Equal Capacity to Enjoy Life’ which Scitovsky has now 
called it in discussing inter-personal comparisons of it ?! Thirty years after 
the publication of The Economics of Welfare Pigou is, like so many others, 
still of the opinion that ‘if the satisfaction of different individuals cannot 
be compared, a large part of that subject (Welfare Economics) is under- 
mined’, and he comforts himself with the conclusion that ‘on the basis of 
analogy, observation and intercourse, inter-personal comparisons can 
properly be made; and, moreover, unless we have a special reason to 
believe the contrary, a given amount of stuff may be presumed to yield 
a similar amount of satisfaction, not indeed as between any one man and 
any other, but as between representative members and groups of indivi- 
duals, such as the citizens of Birmingham and the citizens of Leeds. This 
is all we need to allow this branch of Welfare Economics to function.’ 
[Italics in the original.] 

But why do we need this fictional comparison at all? For the inter- 
personal comparison which Pigou here apparently succeeds in making rests 
not on the essential comparability of this abstract ‘utility’ or ‘satisfaction’ 
in the minds of different individuals. The comparison appears to succeed 
only because ‘the given amount of stuff’ which according to Pigou ‘may 
be presumed to yield it (utility)’ is by implication comparable on the 
hidden assumption that the citizens of Birmingham and of Leeds have 
broadly similar tastes and thus demand broadly similar kinds of ‘stuff’ ; 
just as Marshall took it for granted that ‘it would naturally be assumed that 
a shilling’s worth of gratification to one Englishman might be taken as 
equivalent with a shilling’s worth to another . . . until cause to the contrary 
was shown’.? In other words, the ‘welfare’ yielded by the ‘stuff’ is assumed 


1 ‘The State of Welfare Economics’, American Economics Review, June 1951. 
2 Alfred Marshall, Principles of EF: ics, 8th edition, p. 130, referred to by Scitovsky. 
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to be equal because the welfare pattern itself was first assumed to be the 
same. Thus the utility or satisfaction was found to be apparently com- 
parable in the abstract, precisely and only because it had already been 
defined ab initio as flowing from, yielded by, and dependent on the same 
‘real’ things. That the inter-personal comparison of abstract utility rests 
on such circular reasoning becomes finally obvious if we take a different 
case and try to compare the satisfactions of the citizens of Birmingham 
not with those of Leeds but with the satisfactions yielded by a given amount 
of ‘stuff’ peculiar to the customs, say, of an African tribe prone to canni- 
balism and the like. The abstract satisfactions would not be regarded as 
comparable—and why not ?—precisely because the underlying pattern of 
stuff was so different. 

There is no harm, as Professor Robbins pointed out long ago’ (when 
he warned against the dangers inherent in the use of aggregates to portray 
social income), in conventional ways of looking at certain things. The 
danger arises when we forget what is convention and what is reality, and 
when merely conventional symbolism determines unduly the goals of 
public policy. 

Perhaps after all it is time for some searching questions about the signi- 
ficance of the Nature and Content of, and Variations in, the real pattern of 
welfare in different societies rather than about the mental fictions which 
are alleged to symbolise it. 


NUFFIELD COLLEGE, 
OXFORD. 





1 An Essay on the Nature and Significance of Ec ic Science (1932). 
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THE INADEQUACY OF THE THEORY OF THE FIRM 
AS A BRANCH OF WELFARE ECONOMICS! 


By T. WILSON 


I 


In receut years the theory of the firm, which was developed with such 
revolutionary implications in the ‘thirties, has itself come under heavy fire. 
To the more prolonged mutterings of the practical men have now been 
added the sharper protests of some of the few economists who have carried 
out empirical investigations, and the difficulty of reconciling the marginal 
theory with the facts of business behaviour has received so much em- 
phasis that many have begun to doubt whether the highly elaborate 
analysis is really of much assistance. On the one hand, this analysis is held 
to be over-complicated because business men do not possess the precise 
knowledge implied by the curves of marginal revenue and marginal cost ; 
on the other hand, it is said to be over-simplified because it leaves out of 
account a great many considerations which any business man must bear 
in mind if he is to survive in a dynamic world. In reply the defenders of 
the marginal theory? sometimes contend that their critics have mistaken 
the purpose of the analysis: it was never meant to give an account which 
would be capable of direct empirical verification, of the procedure adopted 
in determining price or output ; it was designed rather to direct attention 
to the main factors which may influence the business man in making up 
his mind. Thus the statement that ‘production will be carried to the point 
where marginal cost is equal to marginal revenue’ is conceded to be con- 
fusing if these terms are taken to refer to precise objective quantities, but 
need not be so if it is recognized that they refer to subjective estimates 
of so comprehensive a nature as to allow for every kind of anticipated 
advantage or disadvantage—monetary and non-monetary, immediate and 
more distant, real and imaginary—which can possibly affect the decision. 
At this point, however, it is not so much the truth as the usefulness of 
the marginal theory which is in doubt; for one comes dangerously close 
to saying that the entrepreneur simply does what he thinks best in the 
circumstances. Dangerously close, but not perhaps so close as to make the 
discussion entirely futile. May it not be that, notwithstanding its un- 
deniable vagueness in some respects, the theory is of value in distinguishing 


1 I am grateful to Mr. R. F. Harrod, Mr. P. W. 8. Andrews, and Mr. I. M. D. Little for 
reading and criticizing a draft of this article. They are not necessarily committed to the 
views expressed. 

® Cf. ‘Marginal Analysis and Empirical Research’, by F. Machlup, American Economic 
Review, 1946. 
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between the various circumstances in which a firm may find itself and in 
making certain predictions about its probable behaviour? Admittedly it 
is quite illegitimate to jump from the theory to the Census of Production 
and to conclude, for example, that the gross profit margin provides even an 
approximate measure of ‘the degree of monopoly’. But is it not true that 
something can still be said which may, in particular, be relevant to welfare 
economics? That, at all events, is the suggestion made by Mr. Peter Wiles 
in a recent article.? 

It is already apparent that a large number of economists are by no 
means prepared for a ‘Keynesian Revolution’ in this part of their subject, 
and the present conservatism of these former radicals must certainly not 
be condemned without careful scrutiny. At first sight, therefore, a com- 
promise along the lines suggested seems attractive, but it encounters the 
objection that, even as a branch of welfare economics, the marginal theory 
of the firm can be severely criticized, at least in most of its existing formu- 
lations. To begin with, much of the theory is expressed in language which 
is very persuasive and even, at times, strongly emotive.* ‘Perfect com- 
petition’ and ‘imperfect competition’ are unsatisfactory terms for this 
reason, and two even more striking examples may be mentioned: first, the 
now almost universal custom of calling the gap between price and marginal 
cost ‘the degree of monopoly’, and, secondly, the definition of ‘exploita- 
tion’ as the payment of less than the value of a factor’s marginal product.* 
This use of emotive language is not merely a minor linguistic point ; it is a 
defect of great importance, and because habit is so strong it is not one which 
can be easily removed. But even if the language could be made less con- 
fusing, the theory would still be unsatisfactory. The criteria for judging 
the behaviour of the firm have been changed from time to time over the last 
few decades, and the one which has finally emerged is the Marginal Rule, 
usually associated with the names of Hotelling and Lerner. This Rule has 

1 This jump is made by Dr. Kalecki, EZ ic Fluctuations, ch. i. 

a ‘Empirical Research and the Marginal Analysis’, Economic Journal, September 1950. 

§ I do not of course wish to object to every use of emotive language in economics. The 
dismal science would become quite unbearable if all the words were colourless and we were 
restricted, like Mr. Eliot, to ‘What Precisely and If and Perhaps and But’. My complaint 
is that the emotions aroused by the use of some terms are out of place and confusing, some- 
times to the point of absurdity. 

In an earlier article I have commented on the use of confusingly emotive language in the 
theory of the firm: ‘Private Enterprise and the Theory of Value’, Manchester School, 1947. 
A more sustained protest about such language has now been made by Mr. I. M. D. Little in 
his Critique of Welfare Economics. 

* This definition of ‘exploitation’ is not restricted, it will be recalled, to those cases where 
profits are abnormal; it is applied as well to cases where profits are normal, but, because 
costs are decreasing, all the factors may be receiving less than the value of their marginal 
products. The term ‘product differentiation’ has also acquired a sinister implication, 
although it may mean no more than that genuinely different varieties are being produced to 


meet genuinely different needs. If the reference is to differentiation designed to fool the 
consumer, some adjective such as ‘deceptive’ or ‘misleading’ should be invariably inserted. 
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been much discussed in the theoretical literature on nationalized industries, 
and it has, I think, suffered considerable damage. Still more recently the 
whole theory has been subjected to a withering attack by Mr. I. M. D. 
Little in his important work, A Critique of Welfare of Economics. In such 
circumstances it does not seem an over-statement to say that the welfare 
aspects of the theory of the firm need to be examined afresh. 

Criticisms of the marginal theory need not always imply that the 
techniques employed are in themselves unsatisfactory ; the trouble may 
often arise simply from the way in which they have been handled. 
Certain assumptions of fact may have become too deeply embedded in the 
theory to the exclusion of others which may be no less plausible, and it 
may be possible to obtain more general results by revising these assump- 
tions without abandoning the method of analysis. Moreover, granted the 
assumptions, some errors of logic may have been made in developing the 
argument ; I shall try to show at a later stage that this has been the case. 
Thus, although it may not be possible to defend in all respects the present 
versions of the marginal theory of the firm, the usefulness of the method of 
analysis may not be in question; this would suffice to justify Mr. Wiles’s 
contention. A more radical suggestion is that some of the errors which 
have crept in may be attributed to habits of thought fostered by the use 
of the marginal techniques themselves; unfortunately there is reason to 
believe that this may occasionally have been so. 


II. The Two Main Branches of the Marginal Theory 


In order to explore some of these possibilities it is convenient to begin by 
asking why the volume of output and the price are deemed to be socially 
unsatisfactory in a firm operating under conditions of monopolistic com- 
petition. It is usual to draw smooth U-shaped cost curves which, like the 
demand curves, are steeply inclined. If oligopolistic complications are 
neglected, the long-run equilibrium of the firm is then described by saying 
that, provided the entrepreneur tries to maximize his profits, marginal 
revenue, which is less than price, will be equal to both short-run and long- 
run marginal cost. 

The position of equilibrium may be unsatisfactory from the point of 
view of society if profits are above the ‘normal’ level required to maintain 
the appropriate supply of entrepreneurship, and this form of possible 


1 The following abbreviations will be used hereafter: SRMC 
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exploitation used to receive a good deal of attention in economic writings. 
Since the early ’thirties, however, much greater attention has been devoted 
to two other alleged defects which will, it is held, be characteristic of mono- 
polistic competition. The first of these is that costs are still falling in 
equilibrium: there is excess capacity in the short-run and there are un- 
exhausted economies of scales in the long-run. Broadly speaking, this is 
the complaint made by Professor Chamberlin. The second is the diver- 
gence between marginal cost and price; this is Professor Lerner’s complaint. 
The distinction between the two is quite sharp. Chamberlin is not 
perturbed by the departure from the Marginal Cost Rule ; he is concerned 
with the loss of possible economies. The enforcement of Lerner’s Rule 
would, of course, have the incidental effect of achieving greater economies 
of scale in some firms, but average costs would not necessarily be at a 
minimum, i.e. in the diagram on page 20 n., output would expand from 
OX to OY, not to OZ. Moreover, the theory implies that if the Rule were 
universally enforced, those firms whose demand curves were more elastic than 
the average would become smaller and their average costs would sometimes 
be higher. The two theories can be further contrasted in a broad and 
perhaps not altogether accurate way by saying that whereas Chamberlin 
emphasizes the effect of irrational preferences and the like in keeping the 
demand curves too far to the left, Lerner has little to say in this con- 
nexion about the position of the curves and is primarily interested in the 
relationship between given demand curves and marginal costs.! 

Let us begin by taking the first of these arguments and examining the 
alleged wastes of monopolistic competition. 


III. The Alleged Wastes of Monopolistic Competition 


1. In a famous passage Professor Chamberlin tells us that: ‘. . . the 
price is inevitably higher and the scale of production inevitably smaller 
under monopolistic competition than under pure competition’.2 And 
Mrs. Robinson warns us that: ‘It is only if conditions of perfect competi- 
tion prevail that firms will be of the optimum size, and there is no reason 
to expect that they will be of optimum size in the real world, since in the 
real world competition is not perfect.’ 

That the truth of these statements follows from the definitions and 
assumptions has been demonstrated again and again by apparently in- 
exorable algebra and geometry ; so much is beyond dispute, but it remains 


1 In The Economics of Imperfect Competition Mrs. Robinson makes both complaints: 
(i) average costs are above the minimum, and (ii) the factors do not receive the value of their 
marginal products. (This is one of the respects in which her theory differs from Cham- 
berlin’s.) What she is doing, however, is contrasting imperfect with perfect -oxapetition. 

* Op. cit., p. 88. Cf. also Boulding, Economic Analysis, pp. 603-4. 

3 Op. cit., p. 97. 
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to consider whether the conclusion is particularly interesting and signi- 
ficant. These statements amount to saying that if the demand curves 
could be twisted to the right into a horizontal position, production at 
lower average costs would be possible. When the point is made in more 
neutral terms such as these, without the implication of naughtiness some- 
where which the above quotations inevitably suggest, the presumption 
that there is something wrong is much weakened, and the need for further 
arguments to sustain any criticism becomes apparent. First, consider the 
SRAC curve. The presence of ‘excess’ capacity may not in this case be 
a fault: if the LRAC curve is falling smoothly, it will be better, from the 
social as well as the private point of view, to choose a slightly larger plant 
and to use it at less than full capacity than to choose a smaller one which, 
even when operated at its optimum, may involve higher costs.1 If there 
is valid ground for criticism, it seems that it must relate to the position 
on the long-period curve. If the market is sufficiently competitive for 
abnormal profits to be absorbed, why is production not carried to the point 
where both average-cost curves are at a minimum? The obvious answer is 
that in many cases the firm would be unable to cover its costs if it did so. 
Indeed, it might be impossible to reach this point even with theoretically 
perfect discrimination, which would imply that such an extension of out- 
put would be deemed improper even by those who believe most strongly 
in the Marginal-Cost Rule discussed below. Professor Lerner? has made 
this point clearly enough, and Professor Chamberlin himself has stressed 
elsewhere in his book that to judge an equilibrium position by the extent 
to which it differs from one of ‘pure’ competition may well amount to 
passing judgement by reference to irrelevant criteria. There is no real 
dispute about the point that production at minimum average cost is not 
necessarily a sound objective, and the use of the word ‘optimum’ to 
describe this position tends to be misleading. Yet the fact remains that 
persuasive language of the kind used in the quotations given above 
continues to be employed to the confusion of successive generations of 
undergraduates. 

2. As Adam Smith observed a great many years ago, ‘the division of 
labour is limited by the size of the market’; there may simply be no help 
for the failure to achieve the full economies of scale in every branch of 
production. The interesting point is whether or not economies are lost 
quite needlessly, and in the theories we are considering four reasons are 
advanced for believing that such losses do occur on so large a scale as to 


1 See diagram, p.20n. Cf. Harrod, ‘The Law of Decreasing Costs’, Economic Journal, 
1931. 

® ‘Statics and Dynamics in Socialist Economics’, Hconomic Journal, June 1937. 

* Op. cit., p. 214, ‘. . . pure competition may no longer be regarded as in any sense an 
“ideal”’ for purposes of welfare economics’. 
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constitute a major indictment of the economic system. We shall consider 
these reasons in turn. 


i. The first line of argument, which seems at first glance to be the most 
conclusive, derives its apparent force from a confusion of language. Since 
the full economies of scale can be reached in different industries with 
firms of different sizes, sometimes industrial giants but sometimes quite 
small firms, it would seem reasonable to suppose that, for some commo- 
dities at least, the demand will be large relatively to the output of a firm 
producing at minimum average costs ; insuch cases there will be no reason to 
complain that the economies are needlessly sacrificed because firms are 
too small. A common-sense conclusion of this kind appears, however, to 
be contradicted by the theory. ‘In conditions of full long-period equili- 
brium’, writes Mrs. Robinson, ‘it is not only true that average costs for the 
individual firm may be falling; they must be falling.”1 Apparently it is 
only in the special case of perfect competition that the full economies of 
scale can be achieved with normal profits, and, as Mrs. Robinson has 
warned us elsewhere,? ‘in the real world competition is not perfect’. 

‘Perfect competition’ would certainly be an unrealistic assumption if 
its ‘perfection’ were taken to include perfect knowledge and perfect 
mobility ; for the present argument, however, less than that will suffice, 
and Chamberlin’s distinction between ‘perfect’ and ‘pure’ competition 
becomes relevant at this point. ‘Pure’ competition simply means a 
horizontal demand curve. Even this may appear unrealistic if it is sup- 
posed that an infinite number of buyers and sellers is required. Once more, 
however, less will do! By ‘pure competition’ I mean that a firm does 
not regard any anticipated gap between marginal revenue and price as 
sufficiently important, after allowing for the usual uncertainty of all its 
anticipations, to deserve much emphasis in determining its policy. Com- 
petition may therefore be reasonably ‘pure’ in many industries in the real 
world. Before considering the probabilities, however, there is a further 
formal point to be dealt with. 

The demand curves used in the theory of imperfect competition often 
represent ‘net receipts’. The deduction of transport costs which this 
implies increases the inelasticity of the curves. While it is proper to 
indicate that such costs may enhance the danger of local exploitation, in 


_ the sense that profits may sometimes be above the level required to induce 


the firm to maintain its production at a given level, it is not proper to 
suggest that the limitation on the size of the firm attributable to transport 


1 ‘Imperfect Competition and Falling Supply Price’, Economic Journal, Dec. 1932, p. 549. 

2 Op. cit., p. 97. 

® Cf. McCord Wright, ‘The Prospects for Capitalism’, Survey of Contemporary Economics, 
ed. by Ellis, pp. 463 et seq. 
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costs is socially undesirable.! If the point at issue is whether the economies 
of scale are needlessly sacrificed, transport costs should be added to the 
cost curves, not deducted from the demand curves. The cost curves 
should also include a substantial part of other selling costs. 


ii. The next argument and the one which follows it (iii below) are of a 
different kind from that just considered: we are now concerned, not with 
formal matters, but with the plausibility of the assumption that the 
demand curves will fall steeply in practice. The first argument advanced 
in its support is that consumers are attached to particular producers to 
a degree not justified by genuine differences in their products. It must be 
emphasized that if each good were genuinely distinct and capable of 
affording a satisfaction to the consumer which could not otherwise be 
obtained, there would be no reason to complain, unless one were so bold 
as to say that the public should be prevented from indulging its ‘foolish’ 
desire for variety at the expense of cheapness. It may well be that some 
economists would support the latter proposition, and this may be the real 
reason why they attach so much importance to the lost economies of scale. 
That is to say, people should, in their view, prefer the cheap mass-produced 
article, and if they are so stupid as not to do so, their freedom of choice 
should be restricted. It has not, however, been stated explicitly that the 
theories of imperfect and monopolistic competition rest upon the pro- 
position that consumers’ freedom may be undesirable. If this freedom 
is not to be challenged, the most that can then be said is that some 
economies are lost because the love of variety is artificially fostered. This 
restricts at once the scope of the theory, for the following conditions must 
be satisfied: (1) consumers must be deceived ; (2) this must result in their 
preferring greater variety—although the opposite may sometimes be the 
case in practise; (3) in those cases where they are deceived and where 
this leads to a demand for greater variety, the cost-curves must be falling 
so sharply that the lost economies of scale are of such great quantitative 
importance as to warrant the conclusion that we are here faced with a 
major social evil. (With regard to the long-run cost-curves little or nothing 
is said about the crucial assumption that they decline steeply.) 

In this connexion it is usual to place much emphasis on misleading 
advertising which may create all kinds of irrational preferences in the 
consumers’ minds. The argument, however, appears to cut both ways. 


1 Cf. Shove’s discussion of transport costs in ‘The Imperfection of the Market’, Economic 
Journal, 1933. In her Distributive Trading, however, Mrs. Hall writes: ‘. . . consumers are 
spread over space and costs of transport either for them... or for the retailer to deliver the 
goods (if he does deliver) will be different for each customer and for each shop. Thus there 
cannot in any circumstances be perfect competition in retail trade; for this to obtain all 
buyers must be similarly situated in respect of each supplier’ (pp. 35-36). 
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If every firm has to some extent its own market, it may be impossible for 
any one of them to expand to the extent which would be permitted by 
falling costs and more rational demand curves; but by raising obstacles 
to new-comers, the preferences created by advertising will tend to keep 
down the number of firms in the industry, and the economies of scale may 
therefore be more fully achieved. Thus the theory does no more than 
point to a possible danger without providing any conclusive reason for 
supposing that the losses are likely to be serious. 

In attempting to form an opinion about the importance of deceptive 
product-differentiation, allowance must be made for the fact that a sub- 
stantial part of industry will not be directly affected. ‘We should expect’, 
writes Mr. E. A. G. Robinson, ‘to find imperfections of the market large in 
close proximity to the ignorant consumer, comparatively small in a market 
where experts are trading and their number small.”"1 The danger of 
deceptive product differentiation may be greatest in the case of branded 
goods sold to the final consumer, but even in this case the argument must 
be developed with caution. After all, branding provides not merely a 
valuable guide to the inexpert and hurried purchaser, but it also implies 
standardization of the branded good itself. Indeed, the increase in stan- 
dardization is the most obvious consequence of the growth of branding 
and advertising over the past half-century. 

No doubt most firms have some customers who would continue to deal 
with them even if supplies could be obtained more cheaply elsewhere. 
Such loyalty, however, is likely to be strained if the margin becomes at all 
appreciable, and it may be unrealistic to suppose that firms are content 
to confine their business only to customers who are prepared to tolerate 
wide differences in prices ; the elasticity of demand may be quite high at 
the level of sales which firms actually try to achieve. 

Of course, there may still be some unexhausted economies which could 
be achieved by reducing the number of brands ; but if these economies are 
really large, is it not odd that some firms do not make a bold attempt to 
achieve them and to break down the irrational preferences by offering 
goods of equal quality at remarkably low prices? Let us not be too 
sceptical about the possibility of such a development; after all it has 
occurred in many lines of production. Perhaps the remaining economies 
are not so large after all. Or perhaps the theory is too static: the large 
expenditure on plant required to achieve greater standardization will 
involve greater risks if demands and techniques are changing, a fact which 

1 *The Problem of Management and the Size of Firms’, Zconomic Journal, June 1934. 
This point has also been made by P. W. S. Andrews, who emphasizes that the implications 
may be damaging for the theories of imperfect and monopolistic competition (Manufacturing 


Business, p. 152, and ‘Industrial Analysis in Economics’, Oxford Studies in Price Mechanism, 
ed. by Wilson and Andrews, pp. 155 et seq.). 
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is of some importance from the social as well as from the private point 
of view. 


iii. So much for the proposition that great economies of scale may be 
lost, without any corresponding gain from greater variety, because con- 
sumers are bamboozled. The next proposition is that there may also be 
a loss because producers are so stupid as to underestimate the elasticity of 
demand. The argument is developed most clearly in those passages which 
purport to explain how abnormal profits are eliminated by the entry of 
new firms. With falling demand curves, production at minimum average 
cost will occur, according to the theory, only when profits are abnormal. 
The industry will not, however, be in equilibrium if there is free entry, and 
the competition of the new-comers will move all the demand curves to the 
left, thus eliminating abnormal profits, but only at the expense of so 
restricting the size of each firm that production will no longer be at 
minimum average costs. This reasoning is based on the assumption that 
whereas outsiders will have sufficient insight to detect the presence of 
abnormal profits, existing firms will blindly equate MR and MC in a way 
which does not allow for the danger that new-comers will be attracted. 
Thus potential competition is ignored, profits are maximized in the short- 
run, new-comers enter the industry, and the demand curves drop till 
positions of tangency with the AC curves are reached. It is held that it is 
only in this way that abnormal profits are eliminated with a consequent 
loss of the economies of scale. 

This model has all the appearance of a special case. The LRAC curves 
must be declining sharply if the lost economies of scale are to be of much 
quantitative importance. The anticipated demand curves are supposed 
to be so inelastic that large abnormal profits can be earned ; yet there are 
supposed to be so many firms that each neglects both the effect of his 
actions on his rivals? and the possibility that new firms may enter the 
industry. The new-comers, on the other hand, have so much better know- 
ledge than the existing firms that they are attracted by the abnormal 

1 Cf. Chamberlin, op. cit., ch. v ; Robinson, op. cit., ch. 7; Harrod, ‘Doctrines of Imperfect 
Competition’, Quarterly Journal of Economics, May 1934. 

® That is to say, the market is not oligopolistic. (Chamberlin presents the argument out- 
lined above in discussing the ‘large group’, although he may also envisage a similar develop- 
ment in oligopolistic markets.) The internal consistency of this case is less than that of an 
industry where, although competition is ‘pure’, abnormal profits may be earned, pending 
the arrival of new-comers, because, say, demand has increased. In the latter case it is much 
more plausible to assume that potential competition is ignored, and even if it is not, the 
firms are already producing up to the point where MC is equal to P. In the Robinson- 
Chamberlin case profits are swollen because the existing firms underestimate the elasticity 
of their demand curves and restrict output too much. To abandon this assumption does not 
involve abandoning the assumption that firms try to maximize their profits by producing 


up to the point where MC is equal to MR; but MR will relate to a more elastic anticipated 
demand curve if allowance is made for potential competition. 
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profits, and the goods they produce are close substitutes—notwithstanding 
the fact that all the demand curves are supposed to fall steeply. Moreover, 
the greater number of firms in the industry must not increase materially 
the elasticity of the demand curves. These appear to be the principal 
assumptions, and, taken together, they look a little strange. May I venture 
to express some scepticism about the practical importance of this case 
which features so prominently in much of the literature on the subject ?4 

The importance of long-run considerations must not, of course, be 
denied on the ground that prices are fixed only for ‘the short period’. It 
may appear to be convenient to say that only one demand curve is 
relevant to any pricing period, but it must be understood that this will be 
a complex curve reflecting both long-run and short-run considerations. It 
would be manifest nonsense to suppose that firms think only of exploiting 
the inelasticity of demand in the immediate future and pay little or no 
regard to the more ultimate effects of such action.? On the whole I am 
inclined to the opinion that firms often take a fairly long view, and it may 
not be out of place to mention, in passing, the interesting topical example 
afforded by the behaviour of exporters when faced with a strong sellers’ 
market for their goods. When they are unable to satisfy the demand at 
ruling prices, they do not appear to put up prices to the short-run equi- 
librium level because they are much concerned with goodwill. (An implicit 
recognition of this fact lay behind the suggestion made by some econo- 
mists on two occasions since the war that receipts from exports could be 


1 Cf. Hicks: ‘... I cannot help feeling that the application of the apparatus is implicitly 
much exaggerated.’ (‘Annual Survey of Economic Theory: The Theory of Monopoly’, 
Econometrica, 1935, p. 10.) 

® The strength of competition will depend in part upon the ease with which new-comers 
can enter the industry. It is sometimes argued that the difficulties confronting new firms 
are so great that at best it will be a long time before their competition becomes effective. 
But the new producers of the commodity need not be new firms at all; they may be existing 
firms with the finance, the technical knowledge, and perhaps even much of the technical 
equipment necessary to produce close substitutes for the goods whose prices are unduly high. 
The neglect of the multi-product firm in most of the theory leads to an underestimate of the 
strength of potential competition. Cf. Hicks, loc. cit., pp. 11-12. After referring to the 
multi-product firm he goes on to observe: ‘Further, at any time the products it [a firm] is 
actually producing will probably not exhaust the list of products it could produce from 
approximately the same plant. Thus it will have various potential products which it could 
produce in small quantities at quite a low marginal cost. Now when other producers are 
able to supply small quantities of highly competitive products at low prices, this is at last 
an effective force tending to keep the demand curve for a particular firm very highly 
elastic. . . . this does seem to go a good way to justify the traditional practice of economists 
in treating the assumption of perfect competition as a satisfactory approximation over a 
very wide field.’ 

In Andrews’s works this consideration is given great stress and forms part of his argument 
that the concept of the industry should not be allowed to disappear (‘Industrial Analysis in 
Economics’, op. cit.). 

Reference may also be made to the controversy between E. A. G. Robinson and M. J. 
Farrell on the connexion between long-term and short-term demand curves (Hconomic 
Journal, June 1951). 
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increased by appreciating the pound.) If so long a view is taken even with 
regard to export markets, where goodwill, however carefully fostered, may 
be so easily destroyed by developments beyond the exporters’ control, it 
is surely reasonable to infer that long-run considerations have a major 
influence in the home market as well. 

Generally speaking, the diagrammatic representations of a firm’s de- 
mand curve exaggerate both the business man’s knowledge of his future 
market and the nicety with which he adjusts his output. This statement 
may appear to be obvious, but unfortunately it is not so easy to safeguard 
against the unrealistic bias which the use of such curves engenders in our 
minds. There appears to be some plausibility in Mr. Andrews’s suggestion! 
that when deciding upon the price which he can hope to maintain without 
spoiling his market, the business man, faced with great uncertainties, may 
well allow himself to be largely guided by his estimates of costs ; that is to 
say, he will be aware of the danger of charging much more than the costs 
of a reasonably efficient competitor. Instead of estimating the elasticity 
of demand directly he may try to allow for it indirectly from what know- 
ledge he has about his rivals’ cost curves, or from what he can infer about 
those curves from his knowledge of his own.? Of course he may charge 
more sometimes than his estimate of reasonable costs, but the latter are a 
good guide unless he wants to take what may be serious risks. At all 
events, the conclusion that a long view is taken seems to be reasonable, 
and in the long-run the elasticity of demand tends to be greater than in the 
short-run. Thus the danger of a heavy loss of the economies of scale 
resulting from the equation of short-run MC with short-run MR appears 
less serious, and it will be further reduced if there is reason to doubt the 
validity of the undefended assumption that average costs tend, in general, 
to fall quite abruptly till the minimum point is reached. 


iv. So far we have followed Mrs. Robinson rather than Professor 
Chamberlin in saying little about the effect of oligopoly. Is it possible that 
the rigidity of prices attributable to oligopoly may involve some loss of 
the economies of scale ?* This is a question of obvious importance for 
welfare economics ; unfortunately for Wiles’s contention, however, it is not 
one which can be answered very conveniently with the aid of the usual 
marginal techniques. 


1 Manufacturing Business, ch. v. 

2 Cf. Machlup, loc. cit., p. 543: ‘. . . average cost may be the most important datum for 
the estimate of demand elasticity.’ 

* Andrews discusses oligopoly in ‘Industrial Analysis in Economics’, op. cit. His main 
concern, however, is to show that prices may not be so high as to give unreasonable profits ; 
he does not deal very explicitly with the danger that, although prices may be ‘fair’ in this 
sense, the economies of scale may be partially sacrificed. His neglect of the point in this 
context is explicable, however, in view of his empirical generalization that the LRAC curve 
is not declining steeply as a rule. 
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In this case, we have to envisage a number of firms each of which could 
produce at substantially lower costs if it could expand its sales, but each is 
afraid to lower its price lest the others follow suit and all are involved in 
a mutually ruinous price war. This may well be a realistic description of 
what occurs during a trade-cycle depression ; the remedy then appears to 
be an increase in effective demand. It may also be true of what happens in 
a declining industry ; there may then be a case for rationalization. A third 
important example is that of an industry which, although not in perma- 
nent decline, is suffering from a recession because its products are semi- 
durable and the demand for their services has ceased to grow at its previous 
rate ; in this case, it is not obvious that price competition and the elimina- 
tion of some firms, whose capacity may be badly needed at a later stage, 
is really desirable. But these three cases, however important, involve 
more dynamic assumptions than those usually introduced in the theory 
of oligopoly; we shall ignore them and concentrate on the case of the 
reasonably prosperous industry. 

Some fairly rigorous assumptions will have to be satisfied in practice if 
there is to be a serious and prolonged loss of the economies of large-scale 
production. The firms must be fairly equally matched in financial strength 
if the outcome of a price war is to be in doubt ; they must be more or less 
equally efficient for, if this were not the case, some would earn larger 
profits at the stable price and gain financial predominance ; the unattained 
economies of scale must not be so large as to tempt the more daring 
managers to risk a cut in price, which involves some conflict with the other 
assumption, vital for the welfare argument, that the lost economies of 
scale are large; there must be no major technical developments which 
would so alter the products of the firms as to change the whole situation ; 
the firms must be safe from foreign competition. Moreover, it is usual to 
assume that the firms will compete in other ways by advertising and the 
like ; the danger of retaliation will not, so it is supposed, give pause to the 
competing firms as it does in the case of price competition. There appears 
to follow another implicit assumption that all the firms will meet with 
roughly the same degree of success (or failure) in their non-price competi- 
tion, so that their relative sizes will be roughly unaltered. Direct evidence 
about the losses attributable to oligopoly is scanty and will remain so; 
two plausible conclusions can, however, be inferred from what has just 
been said. First, non-price competition may burden the consumer with 
charges for advertisement and the like from which he may not derive a 
comparable advantage. Secondly, the danger that there may be large 
unexhausted economies of scale seems slight. For the latter to occur, not 
only must the long-run cost curves be falling steeply, but there must also 
be a stalemate resulting from the lack of price competition and the failure 
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of non-price competition. The main conditions required to produce such 
a stalemate have been indicated above, and they are too numerous and 
too rigorous to be entirely convincing. Thus, although there may be many 
oligopolistic industries, it does not follow that much social loss follows from 
this. The leading firms in each industry may enjoy most of the economies 
of scale, and although there may often be a good many smaller firms, these 
may probably be serving some special needs, which makes them not 
strictly comparable, or may be in process of elimination. Oligopoly, I 
suggest, is something of a bogy. 


3. Practically every work on the theory of the firm which has appeared 
over the past 20 years has been severely critical, whether openly or by 
implication, of private business. In challenging these theories one is, 
therefore, constantly involved in saying that the situation may not really 
be so bad after all, and the critic of the critics is thus liable to find himself 
in a false position. To deny that everything is for the worst in the worst of 
all possible worlds is not to assert that everything is for the best. Since 
this is a critical article we have tended to follow our texts and to neglect, 
with them, some topics which may be of greater practical significance. 
In particular, we have not discussed the probable effects of agreements 
between producers which may sometimes be in restraint of trade. The 
omission has been deliberate because the theory of monopolistic competition 
does not purport to rely for its validity upon the existence of such agree- 
ments, and it was indeed largely for this reason that the theory appeared 
to be so startling. No anti-monopoly policy, however successful, could 
prevent serious waste because, according to the theory, the defects of the 
market were inherent in its basic structure. We have tried to show that 
this argument has been pressed with too much confidence, but this does 
not exclude the possibility that the restrictive agreements which we have 
ignored may do harm. 

The second omission has been any reference to those failures to standar- 
dize production which are attributable to ignorance or a bad industrial 
organization. It is probable that by greater standardization in the manu- 
facture of capital goods and components, a few economies might have been 
achieved in some industries before the war, and could still perhaps be 
achieved in some cases today, without any significant loss of satisfaction 
from the lesser variety ; the final consumer might, in fact, be quite un- 
aware of the change. Here is a case where ‘imperfection of the market’ 
may have resulted in some loss; but it is ‘imperfection’ in the sense of 
imperfect knowledge, imperfect co-ordination, lack of initiative, and 
temperamental conservatism; it has probably very little to do with 
monopolistic restriction, and Chamberlin’s distinction between ‘pure’ and 
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‘perfect’ competition is once more relevant; perhaps the ‘non-mono- 
polistic imperfections’ should engage our attention as much as the 
‘impurities’. Indeed, it is arguable that some losses would have been 
smaller if the industries in question had been better organized and the 
trade associations had been more active.! In general, however, the cost 
of components may not be a sufficiently large part of final costs for any 
reduction in their price, achieved by rather more standardization, to make 
much difference. 

A third omission to be noted has been any mention of the possible effect 
on managerial and technical efficiency of reducing the number of firms. 
Yet it is clearly a mistake to concentrate attention on movements along 
given cost curves to the neglect of possible changes in their position. With 
fewer firms in an industry, each may enjoy more fully the economies of 
scale; on the other hand, the weakening of competitive pressure and the 
possible exclusion of inventive ability may move their cost curves up- 
wards, or may, at all events, prevent their moving downwards as much as 
they would have done in a more competitive industry.? The supply price 
may then be higher than it would be if the commodity were produced by 
a larger number of firms each of them operating under conditions of 
increasing returns. It is not suggested, of course, that this must always be 
the case, and I do not even wish to speculate about probabilities. But it 
seems a pity that the modern theory of the firm, because it is concerned so 
exclusively with static problems, should neglect one of the main tradi- 
tional arguments in favour of competition. 


IV. The Marginal Rule and the Degree of Monopoly 


1. Any fresh criticism of the Marginal Rule needs to be prefaced nowa- 
days with some sort of explanation, or even apology, if one is to escape the 
charge of preaching to the converted. That is all to the good. The fact 
remains, however, that although there are probably few economists who 
would seriously propose the application of the Rule in the nationalized 
industries, there are a substantial number who continue to use the Rule 
indirectly in studying the performance of private firms. Clear examples 
are afforded by the definitions of ‘exploitation’ and ‘the degree of mono- 
poly’, which seem to be in quite common use. There is serious inconsis- 
tency in applying such criteria which are meaningless unless the Rule is 


1 It is of interest to recall that just before the war the Iron and Steel Federation and the 
Society of British Motor Manufacturers organized joint meetings to discuss the greater 
standardization of motor-car parts (Report of the Import Duties Adivsory Committee on the 
Iron and Steel Industry, 1937, p. 47). 

2 Alternatively the quality of the ‘product’ might deteriorate. For example, retailers 
are much less attentive, as we all know, on a seller’s market where competition is weak. 
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accepted, while at the same time rejecting with firmness, and even with 
derision, the more positive proposition that the Rule should be adopted. 
In what follows, therefore, we shall be largely concerned with the indirect 
uses of the Rule, as in the prevalent definition of ‘the degree of monopoly’. 
The discussion will also relate to industry in general and will not be con- 
fined, as has been customary of late, to the nationalized industries. 


2. Is it possible to find some generally applicable criterion of optimum 
output which will be of value in solving all kinds of practical problems ? 
A confident answer in the affirmative has been given by Hotelling, Lerner, 
and Meade. A firm should, we are told, employ each factor to the point 
where its price is just covered by the value of its marginal product. We are 
assured that: ‘If this principle is universally observed, there can be no loss 
due to the wrong use of economic resources.’! The reasoning is as follows. 

If satisfaction is to be maximized, the rate at which a consumer is pre- 
pared to substitute one commodity for another should be the same as the 
rate at which he can exchange one for another on the market ; that is to 
say, his indifference curve should be tangential to the price line. The 
relative prices, in turn, should represent the rate at which commodities can 
be substituted for each other in production, and this means that they 
should have the same proportional relationship to marginal costs. Thus 
‘it will be true that whenever an individual chooses between marginal 
shillingsworths of different commodities which give him the same marginal 
satisfaction, he will be causing the same marginal sacrifice of the society’s 
resources ’.2 Thus MC should everywhere be the same proportion of price. 

It has been argued, however, that proportionality is not enough because 
if factors are paid less than the value of their marginal products, this will 
distort the choice between work and leisure, between saving and spending, 
&c. Lerner has advanced, as an additional reason, the fact that whereas 
a proportionality rule would have to be universally enforced, a rule 
requiring full equality of price with marginal cost would involve less 
administrative difficulty because it would not be necessary to interfere 
with those industries where competition was reasonably ‘perfect’.* 

For the moment the validity of these arguments in favour of the Rule 
will not be called in question, and we shall confine our attention to some 
of the inferences which have been drawn in dealing with the behaviour of 
the firm. It will be suggested that in parts of the literature on the sub- 
ject there is a good deal of ambiguity in the use of terms which may be 
responsible for some of the misunderstanding and disagreement which 
appears to have arisen. 


1 Lerner, loc. cit., p. 257. ? Loc. cit., p. 256. 
* Economics of Control, ch. 9. 
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3. First we may observe that there seems to be a tendency to use the 
words ‘marginal’ and ‘average’ as though they were synonyms, respec- 
tively, for ex ante and ex post. Perhaps this is the explanation of the 
controversy as to whether it is long-run or short-run marginal cost which 
should be brought into equality with price by an adjustment of output. 
That there should be any such dispute may seem a little odd. If production 
on a given plant has been carried to the point where price just covers 
SRMC, then—by definition—the latter will be greater than LRMC when 
the plant is too small, and less when the plant is too large. In full long-run 
equilibrium, when all adjustments have been made, price will be equal to 
both long-run and short-run MC, but may well be less than LRAC. (On 
our diagram the output required by the rule is OY.) What then 
is meant by statements such as the following, made by Professor Lewis ? 
‘If price were based not on short-run but on long-run marginal costs, no 
demands would be served that could not in the long-run be maintained, 
but full amortization quotas would be earned on all assets which must be 
renewed, and only to the extent that renewal is necessary.” Apparently 
the term ‘marginal costs’ is ambiguous apart altogether from questions of 
time. 

The criterion suggested by Professor Lewis in the quotation above? may 
be a reasonably sensible one ; but it must be recognized at once that it does 
not meet the requirements of the fully elaborated marginal theory. Each 
factor should be employed to the point where the value of its marginal 
product is just covered by its price, and in doing so ‘no account is taken 
of the effect of one item (or atom) of activity on the revenue from 
some part of the firm’s activity’ ;* the Rule is applied separately to each 
factor, not to ‘any complex of activities such as those carried on by a 
firm or included in any industry’. Professor Lewis’s sentence should 
therefore be revised to read: ‘if price is based on long-run average variable 
cost ..., &.’ 

Thus it may be that in claiming that prices should be based on long-run 
marginal costs some economists have only sought to emphasize that 
bygones are bygones. Their suspicion of average cost may derive, there- 
fore, from a confusion between costs viewed ex ante and costs viewed 
ex post. Average cost will only include bygones if it is based on historical 


‘l Overhead Costs, p. 17. 

* At a later stage in the same chapter (op. cit., p. 28) Professor Lewis says that the price 
should also cover, ‘preferably by way of price discrimination, escapable indivisible costs as 
well; and not only these, but as much of the cost of non-renewable assets as can be extracted 
from consumers’ surplus by price discrimination (but only to the extent to which such assets 
are actually used)’. For a discussion of this somewhat puzzling statement see Little, op. cit., 
pp. 183 et seq. The ambiguity of the term ‘indivisibility’ is also a frequent source of error. 

3 Lerner, loc. cit., p. 266. 

* Ibid. 

4520.2 D 
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figures in the accounts; if it is interpreted in an ex ante sense it will 
include only genuine long-run opportunity costs. Perhaps this prejudice 
against ‘average cost’ could be overcome by talking about ‘long-run 
average anticipated cost’, which is represented by LRAC in our diagram." 
So far we have talked about the long-period and the short-period as 
though these concepts were clear and unambiguous. But why should we 
deal merely with one short-period when the bulk of the equipment or the 
buildings are supposed to be fixed ? Surely there must be lots of ‘periods’ ; 
or rather—since the emphasis on time seems a little excessive—there must 
be lots of possible adjustments to the semi-durable factors which could 
be made. A further question relates to the principles which should deter- 
mine the desirability of making an adjustment, that is to say, in the usual 
terminology, of moving from one ‘period’ to the next. Some of these 
difficulties can be avoided by abandoning references to ‘the long-run’ and 
‘the short-run’ and by adopting Professor Lerner’s now more usual 
practice of saying that each factor should be employed till the value of its 
marginal product is equal to its price; it is still necessary, of course, to 
have some means of deciding when semi-durable equipment should be 
scrapped.? In what follows I propose, however, to neglect such points 
and to talk about ‘the short-run’ and ‘the long-run’ in the usual way. 


4. On the assumption that price should be equal to marginal cost, the 





expression ( “) has come to be used as an index of the degree of 


monopoly. If it is also assumed that entrepreneurs carry production only 
to the point where marginal cost is equal to marginal revenue, the inverse 
of the elasticity of demand seems to provide a convenient measure of the 
deviation from the ‘optimum’. The convenience of this procedure seems 
to depend upon the validity of the further assumption that it is easier to 
make plausible estimates about the elasticity of demand than to discover, 
by means of direct inquiry, what are the marginal costs of the firms which 
supply the demand. This last assumption may not be unreasonable ; but 
one must bear in mind that it is the firm’s own ex ante assumptions about 
the demand for its products which are relevant, and statistical estimates of 
the elasticity of demand, prepared on the basis of historical figures by 
outsiders, are not necessarily a good guide to the considerations on which 
the firm has based its policy. In the first part of this article reasons have 
been advanced for believing that firms take a long-term view of demand, 

1 On our diagram LRAC represents, I think, Professor Lewis’s long-run ‘marginal’ costs. 
The curves indicating SRAC are also, of course, ex ante (cf. Harrod, ‘Notes on Supply’, 
Economic Journal, 1930). 


In his article on ‘Statics and Dynamics’ (loc. cit.) Lerner severely castigates E. F. M. 
Durbin for vagueness on this point, but his own explanation is far from precise. 
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and since its elasticity is greater in the long-run, this implies that ‘the 
degree of monopoly’, as measured above, will be correspondingly less. 





Unfortunately, however, the suggestion that ( -) provides an index 


of ‘the degree of monopoly’ is fallacious. First of all, it is undeniably 
wrong to use an index which implies that the Rule should be followed by 
one firm alone. As Mr. Kahn has warned us: ‘It is not the absolute degree 
of imperfection of competition (of monopoly) which determines the degree 
and magnitude of the deviation from ideal output.’ The essence of the 
theory is that because different firms will be confronted with different 
elasticities of demand, some will produce too much and some too little ; the 
‘right’ composition of output is that which would be achieved if the effect 
of the elasticity of demand on the firms’ receipts were ignored by adjusting 
output to the position where prices were everywhere equal to marginal 
cost. Let us now try to work out the implication of this reasoning for 
measurement of ‘the degree of monopoly’. In my view, it follows that the 
inverse of the elasticity of demand for the product of a firm is useless as an 
index unless it is deflated by an average of the inverse of the elasticities 
of demand for all products sold in the economy. (Services as well as 
commodities would clearly have to be included.) If an index, so deflated, 
were greater than unity, then, granted all the other assumptions, there 
would appear to be a prima facie reason for believing that the firm was 
producing too little, and vice versa.?, At most, however, such an index 
would indicate the direction in which output was distorted ; as we shall see 
below, it would still afford no measure of the magnitude of that distortion 
and could not, therefore, even in its revised form, be reasonably described 
as ‘the degree of monopoly’. This brings us to our second objection. 


5. At this stage it is convenient to refer to Dr. Kalecki’s well-known 
article on ‘The Distribution of the National Product’.* He assumes that 
average prime costs provide a reasonably good measure of short-run MC, 
and if MR is roughly equal to MC (in the above sense), the gross profit 
margin will then indicate ‘the degree of monopoly’.* On the face of it, this 
is all somewhat odd and the emotive language is most misleading ; let us, 
however, pass over this defect, serious though it is, and ask what may be 
inferred from a high ‘degree of monopoly’. Clearly it does not imply that 

1 ‘Some Notes on Ideal Output’, Hconomic Journal, 1935. 

2 Strictly speaking the deflated index would be a guide to departures from the rule that 
prices everywhere should be in the same proportionate relationship to marginal costs ; but 
a further adjustment may be needed if full equality of price with MC is the criterion. 

3 Essays in the Theory of Economic Fluctuations, ch. i. 

* Op. cit., ch. i. I have criticized Dr. Kalecki’s work at greater length in ‘Private Enter- 


prise and the Theory of Value’, loc. cit. But some fresh arguments are introduced in the 
present article. 
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net profits are unreasonably large; they may be quite modest, or even 
negative, for the gross margin includes provision for salaries, for the wages 
of storekeepers, cleaners and so on, for depreciation, for interest charges, 
for rent, for rates—in fact, for everything except direct-labour costs and 
the purchase of raw materials. Thus the ‘degree of monopoly’ tells 
us nothing whatsoever about the presence or absence of ‘exploitation’ 

in the form of abnormal profits.1 The index is intended to answer a 

different question: the extent to which output may diverge from the 

‘optimum’, defined as that at the point where MC is equal to price. As 

we shall now see, however, it is also useless for this purpose, and would 

remain so even if it were deflated in the manner suggested in the preced- 
ing section. 

(a) Suppose a firm has been reasonably accurate in its forecasting, and its 
plant is of roughly the right size for the maximization of profits at the 
actual level of demand. Average prime costs will be less than price, 
but this tells us nothing whatsoever about the distortion of output. 
What matters is the proportionate increase in output which would be 
required to bring marginal cost into equality with price. Even if the 
rest of the theory is accepted, it is an index of this kind, which refers 
to the z-axis, not the y-axis, which should be used in discussing the 
‘degree of monopoly’. The traditional index, which relates to the gap 
between price and marginal cost, has always been wrong even for the 
purpose for which it was intended. 

The consequences of this mistake can be illustrated by considering 
what will happen if production is expanded in an attempt to obey the 
Rule. In doing so it will be convenient initially to follow Dr. Kalecki 
in assuming that prime costs are a good indication of MC although, as 
we shall see later, serious confusion results from the careless transition 
from the analytical concept of MC to an ostensibly realistic description 
of prime costs. 

Prime costs will soon rise with a jerk as overtime and shift-working 
are extended and continue to rise unevenly thereafter as the strain on 
the machinery becomes intense, breakdowns become more frequent, and 
the wastage of materials more serious. Finally, it may become impossible 
to extend output farther with the given plant; but even at this point 
‘marginal cost’, if measured by average, or even by marginal, prime 
costs, may still be far below price. In other words, there is no reason to 
suppose that the technical limits to the possibility of substituting prime 
for supplementary factors will be so wide as to make it physically 

1 Abnormal profits will not necessarily imply exploitation unless the firm is in equilibrium. 


Since firms may not often be ia this position, great care must be exercised in applying a 
theory of this kind to the real world. 
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possible to extend output to the point where SRMC—in the above sense— 
is equal to price. Of course one can say that when output cannot be 
expanded farther SRMC has become infinite and is at least equal to 
price ; but that is not a very helpful remark! And if the expansion of 
output is stopped just short of this point—as after all it must be— 
SRMC may be less than price to an extent which will still indicate a 
substantial ‘degree of monopoly’. 

The next point relates to the meaning of ‘marginal cost’. Is it really 
permissible to suppose that prime costs, whether average or marginal, 
provide a sufficiently close approximation to ‘marginal costs’ in the 
sense in which that term is used in the theory of the firm? To revert 
to the example we have just considered, it would seem more appro- 
priate to say that ‘marginal cost’ should include some allowance for 
the losses due to more frequent breakdowns and the like when more 
than ‘practical capacity’ is being worked. The sacrifice of flexibility 
should also be noted as a cost and perhaps a very serious one in a 
dynamic economy. (Whether these costs should be included under 
‘user cost’ is a minor point which we need not discuss ; but if they are 
so included, user cost may not be so small a part of MC as Dr. Kalecki 
suggests.) The proposition, which after all is basic to the whole theory, 
that profits will be maximized by equating MC to MR, will be true only 
if some such comprehensive definition of MC is adopted ; the Marginal 
Rule itself undoubtedly requires some such use of the term if, even 
granted the other assumptions of the theory, it is to be of any use as a 
guide in attempting to maximize welfare. But when this correction is 
made, MC at once becomes somewhat indefinite. Managers may begin by 
estimating as well as they can what an addition to output will cost in 
terms of money ; but statistical investigators, outside the firm, should 
not assume that they can work out these ex ante estimates from the 
historical figures with any degree of accuracy. Nor is this all, for a 
further allowance has to be added to cover contingencies of one kind 
or another ; this allowance may never be given an equivalent monetary 
value even inside the firm, while statisticians outside the firm cannot 
hope to calculate it. In this field there is, therefore, a serious ter- 
minological confusion. Neither Dr. Kalecki’s ‘marginal cost’, which 
approximates to average prime costs, nor the ‘marginal cost’ some- 
times calculated by the econometricians, corresponds to the ‘marginal 
cost’ which, in the theory of the firm, is supposed to be related to 
marginal revenue. ‘Marginal cost’ in this last sense is an ex ante 
concept and is not capable of objective measurement at all. As Mach- 
lup has observed:! ‘Marginal analysis of the firm should not be 

1 Loc. cit., p. 522. 
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understood to imply anything but subjective estimates, guesses, 
and hunches. *! 

To say, therefore, that firms tend to carry production only to the 
point of ‘practical capacity’ where prime costs are still constant is to 
say nothing whatsoever about ‘the degree of monopoly’ ; at this point 
SRMC, in the sense relevant to the Rule, may even be equal to price. It is 
surely very paradoxical to imply that the capacity still unused at this 
point—the moderate reserve which any sensible manager would wish to 
have even under conditions of perfect competition—is an indication that 
output is at less than the ‘optimum’ level. Why should it be a welfare 
objective to have the firm working at more than ‘practical capacity’ 
with a proportion of prime to supplementary factors which is incon- 
veniently large ?2 Admittedly estimates of prime costs may sometimes 
be taken by the entrepreneur as a reasonably close indication of 
SRMC, but this is not likely to be so when output expands beyond the 
point of ‘practical capacity’. At this point the gap between the two 
will widen abruptly for the reasons we have given. Both curves, of 
course, may move upwards in abrupt jerks with extensions of overtime 
and the like, and the smooth SRMC curve in our traditional diagram 
is presumably unrealistic. Our habit of illustrating the position of 
equilibrium under conditions of pure competition by means of smooth 
curves should not lead us to suppose that when the cost curves are not 
smooth, the market is necessarily monopolistic.2 Here is a clear example 
of an error which the use of the marginal analysis tends in itself to 
engender ; discontinuities cannot, in the nature of the case, be dealt 
with conveniently by such methods. 

There is, of course, a form of excess capacity which is quite different 

1 Cf. Hicks, loc. cit., p. 19: ‘Whether competition is perfect or imperfect, the expansion 
of the individual firm will be stopped by factors which are purely subjective estimates; in 
the one case by rising subjective costs or costs of organisation ; in the other by an estimated 
downward slope of the marginal revenue curve. Objective facts give us no means of dis- 
tinguishing between them.’ Reference may also be made to an interesting article by 
G. F. Thirlby, ‘The Ruler’ (South African Journal of Economics, Dec. 1946). 

* Cf. Andrews’s discussion of reserve capacity (Manufacturing Business, ch. III). 

® The following statement in Dr. Kalecki’s essay is therefore fallacious: ‘In the real world 
an enterprise is seldom employed beyond the “practical capacity”, a fact which is therefore 
a demonstration of general market imperfection and widespread monopolies or oligopolies. 
Our formula though quite realistic is not applicable in the case of free competition’ (op. cit., 
p. 23). But the minimum point of the SRAC curve is the point where ‘practical capacity’ 
has been reached, not surpassed ! 

It is amusing to add another quotation from the same source: ‘The prevailing type of 
average wage-cost curve seems to have the following shape. It is more or less horizontal 
up to a point corresponding to the “practical capacity” of the plant, but slopes sharply 
upwards beyond it. This point is seldom reached—factories, e.g. only exceptionally work 
in more than two shifts’ (op. cit., p. 20). Are we to assume that unless a factory works more 
or less continuous shifts, the ‘excess capacity’ in the small hours is presumptive evidence of 
monopolistic restraints and the reward of its overhead factors depends upon that ugly thing, 


‘the degree of monopoly’ ? 
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from the reserve capacity discussed above; the two are, however, 
sometimes confused. If the LRAC curve is falling it may, as we have 
seen above, be cheaper to have a larger rather than a smaller plant 
even if this means that it will not be used up to the point of ‘ practical 
capacity’. This is what short-run ‘excess capacity’ really means in 
the theory of monopolistic competition ; it would not be present if the 
firm were operating at minimum long-run average costs, but even in 
that position there might still be ‘reserve capacity’ which would be 
reflected in normal constancy of prime costs. The importance of such 
excess capacity will depend, of course, upon the steepness with which 
the LRAC curve slopes downwards. 


It may be objected that so far we have evaded the issue by assuming 
that the firm has been successful in choosing roughly the right size 
of plant. This, however, would be unfair. Most of the criticism in 
the traditional theory is directed against a firm which is supposed to 
be in a position of equilibrium, with price and output at the levels 
appropriate for the maximization of profits. If this assumption is 
abandoned and attention directed to those cases where serious mis- 
takes have been made so that the amount of unused plant is sub- 
stantially greater than in the case above, the discussion becomes more 
involved. There may be some firms where an isolated attempt to apply 
the Rule would lead to a substantial increase in their production, but 
if the composition of output is to be ‘improved ’—in the sense implied 
in welfare theory—the Rule must be applied universally, not merely to 
one or two industries, and the result would, of course, be a scramble for 
the prime factors which would shift the position of the curves. Since 
plant and equipment are durable it is neither possible nor desirable to 
work them at practical capacity everywhere in a dynamic economy. 
It is an amusing analytical exercise to work out the consequences if 
Lerner’s Rule were enforced in such circumstances, but it may be 
more profitable to pass on at once to the long period. 


6. Perhaps the theory will look more impressive when applied to the 


long period in which all, or nearly all, factors can be varied. Ir so far as 
extensions of output are indicated by the Rule they will not then be 
blocked to anything like the same extent by vertical cost curves—that 
is to say, by the impossibility of producing more because technical co- 
efficients can be varied only within what are often narrow limits. On the 
face of it this seems to imply that since MC will not become so quickly 
indeterminate, the equation of MC with price may retain a more signi- 
ficant meaning, at least in analytical terms. This does not mean, of course, 
that a large charge in the composition of output would necessarily follow ; 
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it would all depend upon the shapes of the curves. Moreover, what has 


been said before about the ‘degree of monopoly’ (“$= 


long-period as well as to the short-period: it needs to be deflated and it 
refers to the wrong axis. 

There is a further difficulty of a most formidable nature. Unless there 
are large abnormal profits to be absorbed, it would not be possible to 
expand output very much, if at all, without making it impossible to cover 
total costs from receipts,! granted the crucial assumption that LRAC is 
falling. The usual cost curves are drawn on the assumption that the 
technical efficiency of management is given for each level of output. This 
efficiency may vary, of course, as changes in output bring fresh difficulties 
or fresh opportunities, but it will vary only because output has varied and 
for no other reason. But it is quite improper, except as a very abstract 
exercise, to project the cost curves beyond the point where costs can be 
covered, as though the freeing of the managers from the usual obligation 
to try to keep their firms solvent would have no effect on their efficiency. 
When this point has been reached the cost curves may not be continuous ; 
they may move abruptly upwards. 

I have tried to develop this argument elsewhere? and do not propose to 
state it afresh in the present article. But to avoid misunderstanding it 
may be as well to say that the alternative arrangement which is being 
contrasted with that provided with the Rule is not a crude requirement 
that prices be based on average costs; obviously there will be many 
occasions on which it will not be socially desirable, and may not even be 
possible, to cover total costs. The contrast is rather with a firm which has 
at least an incentive to cover its costs if it can or, should this be impossible, 
to minimize its losses. The effect on managerial efficiency is likely to be 
catastrophic if the manager is told that he can now disregard the relation- 
ship between total costs and total receipts.* In addition to the probable 


applies to the 


1 The same may be true of course in the short-period, and the arguments in this section 
will also appiy to such cases. 

* ‘Price and Outlay Policy of State Enterprise’, Economic Journal, Dec. 1945; ‘Private 
Enterprise and the Theory of Value’, loc. cit. 

It is a little disconcerting to find the Rule described by Bergson as ‘the Marshall—Pigou 
position’. (‘Socialist Economics’, ch. 12 of A Survey of Contemporary E: ics, ed. by 
Ellis.) Notwithstanding the tentative remarks about consumers’ surplus in ch. xiv of the 
Principles, can it really be supposed that the cautious Marshall would have been prepared 
to advocate the universal adoption of the Rule with a contemptuous disregard for the 
relationship between total costs and total receipts ? 

* It is not correct to.say that the managers will be told to disregard their overheads. 
Strictly speaking, they will be told to employ each factor till the value of its marginal 
product is equal to its price, and it is merely confusing to attribute the resulting loss to one 
factor rather than another. Similarly it is confusing to say that labour is ‘exploited’ under 
conditions of imperfect competition even when there are no abnormal profits; all factors 
may be ‘exploited’ in some degree. 
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weakening of his keenness and drive, his performance will suffer because 
he will be deprived of valuable guides to action ; in deciding, for example, 
whether to replace a piece of equipment, he—or his superiors in Whitehall 
—will be expected to engage in the absurd activity of counting surpluses! 

It may be objected that these are merely ‘practical objections’ which 
are always in doubtful taste. ‘I, myself, believe’, writes Mr. Marcus 
Fleming, ‘I, myself, believe that it never pays in the end to propitiate an 
economic fallacy, and that the confusion engendered by following a false 
principle will have worse practical consequences than the difficulties 
encountered in understanding and applying the true one.*! Unfortunately 
the path of duty is not so clearly marked as Mr. Fleming seems to believe. 
The ‘right’ composition of output is only one objective, and it is a little 
hard, perhaps, that attempts to find a reasonable compromise should be 
denounced as the propitiation of economic fallacies. Not that the Rule is in 
any case so clearly a ‘true’ principle even if static assumptions are made. 
It depends upon the validity of certain rigorous assumptions about con- 
sumers’ behaviour ; it does not enable one to escape or to solve the difficult 
problems which arise when there are losers as well as gainers ; it requires a 
freedom of choice between working and idling which few individuals can 
hope to exercise in a world of collective bargaining. Moreover there may 
be internal inconsistency in the theory because taxation, direct or in- 
direct, is an offence against the optimum conditions of production and 
exchange, and taxation would have to be raised if the Rule were applied 
and losses met out of subsidies. These and other objections have been 
advanced very strongly by Mr. Little, and it will suffice to refer the reader 
to his work? without further elaboration here, although I am conscious 
that such cursory treatment of these important matters makes the present 
article appear to be somewhat lop-sided. 

Without further discussion we may conclude that the Rule must be 
abandoned ; if only because of the requirements of public finance, the most 
that can be suggested is the more modest principle that prices should 
everywhere exceed marginal costs by the same proportion—and Lerner is 
undoubtedly right when he says that this would be a difficult principle to 
enforce. Moreover, even this proposition is by no means immune from 
Little’s general criticism. But, whether one relies upon the proportion- 
ality principle or clings obstinately to the Rule itself, the Marginal Cost 
which is to be brought into the proper relationship with price, must be 
fully comprehensive. It will not do to ignore the effect on costs of telling 
managers that they need not be concerned about their losses ; an allowance 
must be made for this and for every other factor which may conceivably 


1 ‘Production and Price Policy in Public Enterprise’, Economica, Feb. 1950, p. 22. 
2 Op. cit. 
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alter costs. Marginal Cost must be a fully comprehensive ex ante estimate, 
and the curve will probably be discontinuous at some critical points. In 
failing to appreciate this Mr. Fleming makes his second mistake: he deals 
only with an incomplete Marginal Cost which makes no allowance for 
changes in managerial efficiency, and he cannot, therefore, claim to be 
advancing a ‘true’ principle. 


V. Conclusion 


The preceding sketch, which was of necessity incomplete, may not have 
done full justice to the marginal theories of the firm, but the defects ob- 
served appear to be so serious as to warrant the conclusion that, if this 
type of analysis is to be retained, a fairly drastic overhaul is required. As 
we have seen, some of the principal terms, notably ‘marginal cost’, are 
used in a variety of senses with the result that, apart from any doubts 
which may be entertained about the realism of the basic assumptions, 
errors in reasoning have been made. To make matters worse, the language 
is confusingly persuasive, and the apparent significance of some of the 
conclusions has been undeniably exaggerated because of the emotional 
undertones of such expressions as ‘imperfection of competition’ ; indeed, 
if the arguments were written out afresh in more neutral language they 
might well appear relatively unimportant. Worst of all, the conclusions 
have been too often presented with a degree of assurance and finality which 
is not altogether justified in view of the dubious nature of the assumptions 
of fact with which the theories start. Thus it is implied that over a great 
part of the economy, the cost curves and the demand curves are falling 
steeply ; without these assumptions the theories would lose much of their 
practical significance, and this could scarcely be reconciled with the 
impression, undoubtedly conveyed by the principal authors, that they are 
saying something which is of quite major importance. Yet, as far as I am 
aware, little preliminary attempt has been made to show that these 
assumptions are plausible.1 Nor is the position much more satisfactory 


1 Admittedly I am assuming that the authors who have drawn steep curves believed that 
this was a fair realistic picture. A more devastating attack on the theories of imperfect and 
monopolistic competition has been made obliquely by Mr. E. A. G. Robinson in the Economic 
Journal, Dec. 1950, p. 773. For he observes that: ‘. . . the practical limitations of block- 
making have resulted in published diagrams that suggest elasticities of individual-firm- 
demand and rates of falling costs which are utterly unrealistic in practice and seem to imply 
the existence and exploitation of immensely greater monopoly powers than I believe the 
ordinary firm to possess’. 

This is a remarkable statement. If it had been made before, much misunderstanding 
might have been avoided. For a couple of decades economists and their pupils have devoted 
most of their attention to these theories in that part of their work which relates to the firm. 
If I may judge from my own experience and observation, we took the theories very seriously. 
We felt that some vastly important aspects of business behaviour had been revealed. Our 
attitude to private enterprise became more critical. Our scepticism about the possibility of 
improving its performance grew more marked. Our whole approach to economic affairs 
was materially affected. In some cases even our political outlook was changed. Now we are 
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when one turns to the criteria by which the various positions of equilibrium 
have been judged. The Marginal Rule itself is based on a number of 
questionable presuppositions about human behaviour and human needs, 
but until fairly recently most of us tended to concentrate our attention 
on the theoretical superstructure, which had been given a deceptively 
solid appearance by the use of mathematics. 

If the marginal analysis is still to be used, even in welfare theory, it 
needs to be thoroughly revised. That will be a sizeable task, and in the 
end it will not be easy, while using the same techniques, to overcome the 
habits of thought engendered by their improper use in the past. Is it 
worth while making the effort ? Or had we better throw ‘the box of tools’ 
away and find another? A confident answer is scarcely possible until 
some more constructive attempts have been made to carry out new studies 
of the firm. At the fag-end of a destructive article, only a few very general 
and tentative observations can be made. 

In the first place it is necessary to distinguish between the general theory 
of value and the more detailed study of the firm. For the former purpose 
the indispensability of the marginal analysis is scarcely in doubt. No one, 
presumably, wants to raise an Anti-Jevonsian Revolt! There is no dispute 
about the usefulness of the method for the purpose of broad exposition, 
but there is a difference of opinion as to whether the marginal concepts 
are helpful in attempting to explain and to criticize the behaviour of the 
individual firm. As Shove once observed: ‘So long as we are content with a 
rough and ready indication of the forces at work, we can keep fairly near 
to the facts: but any attempt to make our treatment exact is apt to lead 
either to a degree of abstraction which renders the apparatus inapplicable 
to the actual phenomena we set out to explain or to a degree of complica- 
tion which makes it cumbrous to use.” 

Doubtless the marginal techniques can be employed in a way which is 
not formally invalid even in studying the behaviour of the individual firm ; 
but, as we have seen, this can be done only by so defining the terms as to 
deprive the theory of much of its practical interest. Thus the statement 
that MC is equated to MR can be turned into a tautology if both terms are 
sufficiently comprehensive and sufficiently subjective, but that does not 
take us very far. On the welfare side, although the Marginal Rule must be 


informed that it was all partly an illvsion. The steepness of the curves, on which so much 
depended, reflected not the considered opinion of industrial experts, nor even the intelligent 
hunch of theoretical economists ; their steepness was ‘utterly unrealistic’ and the curves were 
so drawn for no more weighty reason than to suit the requirements of the printers! 

There is subject-matter here for a chapter in the next book on ‘The Influence of Accidental 
Factors on Economic Thought’. 

1 Loc. cit., p. 121. With such considerations in mind, it is interesting to refer again to the 
much-derided passage in Value and Capital where Hicks explains why he made the assump- 
tion of perfect competition. Was he really so unwise after all ? 
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abandoned, some may be inclined to support the more modest suggestion 
that prices should everywhere exceed marginal costs by the same propor- 
tion ; at best, this can only be regarded as a partial objective to be accepted 
tentatively—because we cannot remain for ever in a state of philosophical 
doubt—not as a ‘true’ principle. Once again, however, ‘marginal cost’ is 
so vague a concept that we are in a weak position to make recommenda- 
tions about the real world. 

Unless we are to rest content with a few very general statements, a fresh 
approach to the study of the firm seems to be needed no less for the purposes 
of welfare economics than that for any others. There seems no reason why 
such an approach should not be eclectic, and it will be surprising if no use is 
made of the marginal techniques ; but the latter can scarcely continue to 
occupy the centre of the stage.1 For the past 20 years far too exclusive 
attention has been paid to the effect on entrepreneurial behaviour of 
differences in the elasticities of prospective demand curves. It is time we 
began to think about something else. To mention only one example, the 
acceleration principle, already firmly embedded in the theory of the trade 
cycle, has been comparatively little used in the theory of the firm; yet 
until this has been done, it is doubtful whether we can make a satisfactory 
assessment of the merits and the dangers of agreements designed to restrict 
price competition when trade is slack. In general, the advice which 
economists can give to, say, the Monopolies Commission is pitiably vague 
and inconclusive in spite of the prolonged study we have devoted to these 
matters. There is little exaggeration in saying that, apart from the work 
of a few pioneers like Schumpeter, the study of the firm in a dynamic 
setting has scarcely been begun, and it will be further delayed if we are 
now to devote our energies to showing that, provided the terms are 
properly defined, the static marginal analysis can be defended on purely 
formal grounds against some of its critics. ‘Bygones are bygones’ is a 
familiar text on which many economic sermons have been preached, but 
the text applies as much to intellectual as to physical capital. 


UNIVERSITY COLLEGE, 
OXFORD. 


1 Consider, for example, the following statement by R. A. Gordon: ‘In making his price 
decision, the businessman is more concerned with the fact of uncertainty regarding future 
shifts in demand than with the shape of the demand curve at a particular moment’ (Ameri- 
can Economic Review, June 1948, p. 277). The evidence in support of this statement may 
not be easy to obtain or to assess, but the same burden of proof rests with those who hold 
the opposite view and suggest, at least by implication, that it is the shapes of the curves, not 
the shifts, which matter. 

* I hope this statement will not be misinterpreted as an unqualified defence of such 
agreements—which, on the contrary, I tend to regard with suspicion. But our theories of 
the firm are simply not good enough to warrant the general and unequivocal condemnation 
of all such agreements which most economists—myself included—have been inclined to 
make. 
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DEDUCTIVE SYSTEMS AND EMPIRICAL 
GENERALIZATIONS IN THE THEORY OF THE FIRM 


By M. J. Farrewh 


TuE long controversy in the theory of the firm between the empiricists and 
the proponents of the marginal analysis, which has been carried on ever 
since the appearance of the original paper by Hall and Hitch,’ seems likely, 
since the publication of Andrews’s Manufacturing Business, to become 
more heated, and to be still further prolonged. It is, therefore, useful to 
consider in what directions such a discussion can profitably be pursued, and 
what sort of conclusions can be reached ; that is to say, to consider what 
the relationship is between the deductive systems known as the marginal 
analysis and the empirical generalizations of, say, Manufacturing Business. 

First of all, it appears that, in general, business men do not use the 
marginal analysis in making the calculations on the basis of which they 
decide what price to charge or what investments to make. This, as was 
pointed out by Machlup,? does not necessarily imply any conflict between 
marginal analysis and the facts. All that a theory of the firm need do is 
to predict correctly what the business man’s price, output, and investment 
decisions will be—it need say nothing of the psychological processes by 
which he reaches them. Nor need it predict the policy of every business 
man, but only the policy which successful business men will tend to follow. 

Next, it can be shown that certain specific theories predict policies which 
business men do not usually follow, and which, indeed, they are well 
advised not to follow if they wish to make a profit.? This is essentially a 
matter of showing that the specific assumptions on which these theories 
are based are invalid, and, while it is useful to be able to discard false 
theories, it still leaves open the possibility of replacing these specific 
assumptions by more general ones which will be valid. Thus, it says 
nothing about the usefulness of the general method of approach known as 
the marginal analysis. 

A more fundamental problem is to consider how far, by inserting 
plausible a priori* assumptions, the marginal analysis can be made to 
yield empirically useful results. 


1 R. L. Hall and C. J. Hitch, ‘Price Theory and Business Behaviour’, Oxford Economic 
Papers, No. 2. 

2 F, Machlup, ‘Marginal Analysis and Empirical Research’, American Economic Review, 
1946. 

® See, for example, M. J. Farrell, ‘The Case against the Imperfect Competition Theories,’ 
Economic Journal, June 1951. 

‘ The assumptions are a priori in the sense that they are derived from our general 
experience, and not from any specific study of the subject. This usage corresponds, for 
instance, to a priori probabilities, which are based on previous experience of pennies or 
dice, and prior only to the set of experiments under consideration. 
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Basically, the method is to assume that, in some sense, the business man 
maximizes his profits; that is, that there exist two specific functions of 
the firm’s output, known as ‘total cost’ and ‘total revenue’, such that the 
business man maximizes the excess of the latter over the former. Then, 
in so far as these functions are known, it is a matter of simple deduction to 
determine the firm’s behaviour. For example, suppose a firm is producing 
a single commodity,’ and R(x) and C(x) are the money revenue from selling 
and the money cost of producing a quantity x of that commodity in some 
specific short period. Then, if R and C are differentiable functions of z, 
the conditions for R-C to be a maximum can be obtained by differentia- 
tion, and are the familiar marginal conditions. As, on these definitions, 
we could expect to know a good deal about the two functions, we might 
claim to have deduced a great deal about the firm’s behaviour ; but, un- 
fortunately, the assumption that the business man maximizes his short- 
period money profits is not very plausible. 

For one thing, a business man will not always be concerned simply with 
his money profits, but will take into account a host of non-monetary 
(or ‘intangible’) considerations. He will often, for instance, forgo'increased 
money profits in order to oblige a friend, or to indulge a passion for 
cricket or golf, or to maintain a reputation as a good employer. There are 
two ways out of this difficulty. Either we can qualify our statements about 
the firm’s behaviour so as to allow for these deviations from strict profit- 
maximizing, and hope that the deviations will not be important enough to 
invalidate the theory ; or we can redefine our cost and revenue functions 
so as to take account of all such intangibles. It might seem that which of 
these procedures we adopt is merely a matter of taste, but there is in fact 
an important difference. The first procedure is methodologically quite 
sound, but the second involves implicit theorizing ;? that is to say, while 
in the first case we are still making definite, albeit qualified, statements 
about the business man’s behaviour, in the second we are merely defining 
profits as ‘what the business man tries to maximize’. However, there are 
more important difficulties ahead, so henceforth, for the sake of simplicity, 
we shall leave aside problems of intangibles. 

It is also unrealistic to assume that the business man will be concerned 
only with short-period profits. He will usually be concerned with his 
profits over a longer period, and especially so if the industry demands 
heavy investment in fixed capital which can only pay for itself over a 


1 The formal analysis can, of course, be extended to cover the multi-product firm, and 
to deal with problems about the factors of production ; but the argument which I develop in 
the simplest case will hold a fortiori in more complex situations. 

2 See W. Leontief, ‘Implicit Theorizing: A Methodological Criticism of the Neo-Camb- 
ridge School’, Quarterly Journal of Economics, 1937. So far as I know, no attempt has yet 
been made to answer this criticism. 
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fairly long period. In this case, he will not generally try to maximize his 
short-period profits ; for maximizing profits in each of a sequence of short 
periods is not in general consistent with maximizing profits over the longer 
period composed of these short veriods. The two criteria will lead to the 
same policy if a firm’s cost and revenue functions in any short period are 
independent of its previous price and production policies; but this does 
not seem very likely. For one thing, a high price in one period, exploiting 
the inelasticity of a short-run demand curve, may lead to smaller markets 
in the future, if long-run demand is more elastic. Again, if, in the pursuit 
of short-run profits, a firm were to adopt the most efficient plant for the 
particular level of output it expected in that short period, it might well 
find its costs higher in succeeding short periods, when outputs had changed, 
than if it had installed plant chosen for its flexibility and efficiency over 
a range of outputs. Thus, our short-period analysis, though yielding 
specific conclusions, is based on implausible assumptions.’ 

One could apply the same formal analysis to determine some sort of 
long-period equilibrium, defining C(x) to be the cost of producing at some 
steady rate x, after the firm has been completely adapted to that rate of 
production, and R(x) as the revenue to be obtained from selling at that 
rate, after customers have completely adjusted their purchasing habits 
to the price situation. This involves not only the assumption that circum- 
stances (that is, tastes, techniques, &c.) should remain constant during the 
fairly long period necessary for the complete adaptation of demand and 
plant—in itself highly implausible—but also that business men should be 
practically certain that they will do so. That is to say, the business man 
must not merely expect all the relevant factors to remain unchanged, he 
must be so confident of this that he does not bother to legislate for any 
other contingency. On these assumptions, the analysis tells us the level 
at which output will eventually settle if the business man is concerned to 
maximize the sum of his money profits over a period extending indefi- 
nitely into the future. It says, of course, nothing about the behaviour of 
the firm during the probably lengthy period before it reaches this equili- 
brium position ; and we may justifiably feel sceptical about the usefulness 
of a static analysis where the determining functions are liable to shift long 
before the equilibrium position is even approached. 

However, even this highly qualified result is not valid. Supposing the 

1 Here we may note a fine piece of implicit theorizing, committed recently by Professor 
E, A. G. Robinson. When faced with the above argument, he replied: ‘I, myself, would 
prefer . . . to conceive of the demand curve that is applied to the short-period situation as 
including, suitably discounted, all the various repercussions of the future upon the present.” 
(‘The Pricing of Manufactured Products and the Case against Imperfect Competition: a 
Rejoinder’, Economic Journal, June 1951, p. 430.) That is to say, since the business man 


does not maximize short-period profits in any ordinary sense of the term, let us redefine short- 
period profits so that he does maximize them! 
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business man is completely certain of his future cost and market situation, 
and has no preferences as to when he receives his profits, we would still 
expect him to maximize, not the simple sum of his future profits, but the 
sum of his future profits discounted at the appropriate rates of interest. 
If he has any time-preferences, as one must expect him to have, then, 
unless the people from whom he borrows share his certainty about the 
future, he will discount his future profits at a different—and probably 
higher—rate. And, of course, quite apart from these considerations, 
uncertainty will alter the whole picture. It will make the business man 
discount his future profits considerably, and will lead him to plan for 
flexibility rather than for maximum efficiency in one particular situation. 

We can now see the sort of formal model’ which we must set up, if we 
are to allow for all the factors which, on an a priori survey of the situation, 
seem to be relevant. At any moment the business man is confronted with 
a cost and revenue function for each short period in the future. Each of 
these functions depends on the firm’s price, output, and investment policy 
for the previous periods ; each, moreover, is subject to an amount of un- 
certainty which becomes very large as we look into the more distant future. 
These functions yield a figure for profits for each of these periods ; and the 
business man may plausibly be assumed to maximize the sum of these 
profits, discounted at rates depending on his time-preferences and on the 
degree of his uncertainty about each of these periods. It seems difficult 
to make any a priori statements about his time-preferences, as, in general, 
he will be concerned not only with drawing an income from the.firm but 
also with building up the firm for its own sake; and the latter factor will 
be particularly strong where many of the decisions are in the hands of a 
salaried executive. But even if we could do so, and had, in addition, a 
formally comprehensive theory of the way a business man acts in the face 
of given sets of expectations about the future, we should still have to make 
explicit assumptions about these vast families of interrelated cost- and 
revenue-functions, if we were to draw any specific conclusions as to the 
firm’s behaviour. ; 

Thus, we arrive at the conclusion, which we might well have foreseen, 
that deductive systems, divorced from empirical investigations, are not 
likely to lead to conclusions that are both valid and specific. On the one 
hand, we may make specific assumptions quite arbitrarily, and with scant 
regard for their plausibility, and arrive at specific conclusions which, 
however, will accord with the facts, if at all, only by chance; this method 
is typified by the imperfect competition theories. On the other hand, we 


1 No originality is claimed for the individual complications allowed for in this model— 
those that were in fact original have almost certainly been anticipated, and references have 
been omitted simply because they would have had to be so numerous. 
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may make our assumptions so general that they take account of all those 
factors which seem a priori to be relevant, and derive conclusions which, 
although very likely to be true, are so vague and general that they are of 
little practical use. This is the method of some of the more sophisticated 
mathematical theorists. 

Our theoretical analysis will yield useful results only if we incorporate 
more specific empirical statements in it—a conclusion which, although 
worked out with regard to the theory of the firm, may well hold in other 
fields of economics, where elaborate deductive systems are set up without 
any basis of empirical research. 

If we accept that the relationship between theory and empirical 
research can hardly be one of competition, and should be one of com- 
plementarity, where then is the field for controversy? The answer is 
that it is still an open question as to whether the marginal analysis 
provides the best theoretical framework in which to incorporate our 
empirical generalizations. Mr. Andrews expresses the results of his 
researches entirely in the terms used by the business man, but they could, of 
course, be translated into the terminology of the marginal analysis. Would 
this be the best way to proceed, or should we build up a deductive system 
using Mr. Andrews’s terminology? Is the language of the economist or 
that of the business man better suited to discussing the economics of 
business ? Here is a legitimate, and probably a fruitful, subject for debate. 


DEPARTMENT OF APPLIED ECONOMICS, 
CAMBRIDGE. 











THE DEMAND FOR COAL IN GREAT BRITAIN 
By K. 8. Lomax 


In analysing the demand for a commodity the aim is almost always , 


the determination of a relationship which can be used for prediction ; the 
estimation of consumption likely at a given price, for example, or the 
prediction of the price corresponding to a given level of consumption. For 
this purpose the appropriate classical regression equation determined from 
time series is adequate provided (a) no important variables have been left 
out of account, and (b) the coefficients in the demand function are not 
unduly biased by the simultaneous existence in the data of a supply 
relationship. 

With regard to the first difficulty, if influential factors were omitted no 
demand relationship, stable over time, would exist and the regression 
coefficients, which could always be determined even in these circumstances, 
would be meaningless. For instance, it may be that not only is the con- 
sumption of a given commodity influenced by its price and the income of 
its purchasers but, in addition, by non-economic factors such as the 
weather. Also consumers’ habits and tastes may change substantially 
from time to time. Any attempt to determine a demand function under 
these conditions, without introducing such effects explicitly, is liable to 
be misleading. 

In the case of fuel and power just such factors operate. The weather 
obviously affects fuel demand for heating purposes, while in recent years 
there have been substantial shifts, only partly related to relative prices, 
away from traditional fuels—the use of electricity, particularly as a source 
of heat and power in place of coal consumed directly, and the replacement 
of rail transport by road traffic involving the substitution of petrol and 
diesel oil for coal. Variables to ‘allow’ for these effects must always be 
introduced before embarking on demand analyses. 

The second difficulty raises a number of more troublesome questions. 
Under competitive conditions, when the concept of a supply curve is not 
so ambiguous, the correct approach would be to determine simultaneously 
both demand and supply relationships. This procedure may, nevertheless, 
here have been complicated, as regards interpretation, by the presence 
on the demand side of additional variables to cover substitute consumption 
and non-economic factors. The problem of identification might have been 
acute. For instance, if the canonical analysis suggested by Professor 
Bartlett (Zconometrica, October 1948) were adopted, the additional 
variables would presumably have entered the supply equation as well as 
the demand function. The ‘reduced form’ method of Koopman’s, on the 
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other hand, would probably have been appropriate although this technique 
possesses many of the drawbacks of the older methods. Nothing is done 
about the error in the data ; no statistical tests of significance are employed 
to confirm the reasonableness of initial assumptions on the existence of 
stable demand and supply functions in the data; while the hypothesis 
concerning which variables are independently determined might not accord 
with the actual economic process. 

However, in the case of fuel and power in this country the simultaneous 
determination of demand and supply equations is objectionable on other 
grounds. With regard to coal itself, in the inter-war period, centrally 
operated price and quota arrangements seriously interfered with the 
mechanism of unrestricted supply of coal to the market. Furthermore, 
commodities or services, such as gas and electricity, in the manufacture 
or provision of which coal is the principal raw material used, were supplied 
under monopolistic conditions, often by public authorities. Another diffi- 
culty is that although on the manufacturing side it is quite impossible to 
apportion a supply variable such as costs of production between the 
different users and, indeed, to some extent, there is no distinction between 
supply for one purpose and that for another, there is not one homogeneous 
demand for any such commodity as gas, coal, or electricity. There are, 
in each case, several types of demand with quite different characteristics 
and determining variables which can, fortunately, to a large extent, be 
measured. 

In these circumstances it has been considered appropriate that classical 
single-equation least-squares regression analysis only should be used 
throughout. This means that some of the parameters calculated will be 
biased, but in any event whatever method were adopted the fiducial limits 
would be wide and we are only justified in regarding the results as indicat- 
ing orders of magnitude of the concepts discussed. 

During and since the War demand for coal has been distorted owing to 
rationing, shortages, price controls, &c., so that it is necessary to confine 
consideration to the pre-War period. The results, in consequence, apply 
to conditions which no longer hold, and impressions may be gained that 
they are of no value with regard to present policy and so of no interest. 
While it is true that the equations cannot with justification be projected 
forward 10 years nor the elasticities used for prediction purposes, it would 
appear that knowledge of rough estimates under comparatively free condi- 
tions is essential background for attempts to formulate present policy. 
It must be emphasized that in many cases the data are most inadequate, 
some of the series included being extremely short, and the methods of 
analysis employed of the simplest. Thus it would be quite unreasonable 
to judge the results as more than rough indications of magnitudes 
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appertaining to a period when conditions were very different from what 
they are now. In fact, of course, even though the data were perfect and 
much more sophisticated methods of analysis employed, the difficulties of 
projection and prediction would still be most acute. Strictly prediction 
is only justifiable when a complete model with a link extending through 
time is fitted and usually this wiil involve assumptions of doubtful 
validity. In fact, attempts at prediction are not confined to cases of this 
kind, and usually all that lies behind them is the hypothesis that a set 
of partial equilibrium equations still applies outside the period for which 
it has been calculated. 

The main inland consumers of coal are gas-works, electricity generating 
stations, railways, collieries, industry, and domestic households. The 
factors influencing demand being, largely, different in each case, it is 
necessary to consider the principal divisions of consumption separately. 


1. Gas 


The figures of gas made from carbonization per ton of coal carbonized, 
since 1924, are as follows: 





























TABLE I 

000 000 000 000 

Year | cu. ft. Year cu. ft. Year cu. ft. Year cu. ft. 
1924 13-38 1930 14-45 1936 15-00 1942 14-44 
1925 13-58 1931 14-60 1937 14-98 1943 14-47 
1926 13-68 1932 14-76 1938 15-00 1944 14-46 
1927 13-90 1933 14-91 1939 14-81 1945 14-53 
1928 14-23 1934 15-00 1940 15-03 1946 14-64 
1929 14-24 1935 15-06 1941 14-99 1947 14-78 





It is seen that there was a fairly steady improvement in the efficiency 
of coal carbonization from 1924 up to 1939, but that during the war output 
of gas per ton of coal fell appreciably, owing largely to the poorer quality 
of coal available, and in 1947 was still not quite back to the pre-war level. 

The demand for coal by gas-works is a derived demand dependent upon 
the demand for gas. This must now be investigated. We do not know the 
consumption of gas annually by different users (industry, domestic, &c.) 
and so we have to consider demand as a whole, thus introducing error. 
Relevant variables will be sales of gas, price (deflated), income (deflated), 
the weather, and a residual trend to allow for changes in gas consumption 
due to other causes. Average annual retail prices are calculated from 
monthly figures published in the Ministry of Labour Gazette, the deflator 
used being the official cost-of-living index. This is the appropriate price 
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variable since, unlike electricity, in gas supply domestic demand is pre- 
dominant. For income, factor cost national income at constant prices is 
taken. The effect of the weather is not simple, but we probably cannot 
do better than include average annual temperature over the whole country 
as our measure. 

The residual trend will be mainly the resultant effect of two increasing 
and one decreasing tendency. Demand would be expected to increase on 
account of population increases and the construction of new housing and 
factories during the period. Then, changes in habit, taste, or custom 
expressed themselves in, on the one hand, a tendency to substitute gas 
for coalin space-heating and cooking, but, on the other, the use of electricity 
in place of gas for lighting purposes. 

Demand, being distorted by war conditions, attention is confined to the 
period from 1924 to 1938. 








TABLE IT 
Average tenvpera- 
Retail price of | National income ture in Great 
Sales of gas gas (deflated) | at constant prices Britain 

Year | (million cu. ft.) | (1914 = 100) (1900 = 100) (°F.) 
1924 256,892 85-7 116-0 48-0 
1925 265,757 85-8 117-9 47-9 
1926 276,567 93-0 117-9 48-8 
1927 280,202 99-7 128-6 47-8 
1928 282,430 89-8 129-7 48-4 
1929 292,598 89-9 132-0 47-6 
1930 289,991 93-4 130-6 48-3 
1931 290,693 100-0 129-3 47-6 
1932 286,988 102-4 129-3 48-4 
1933 286,144 105-4 137-9 49-2 
1934 290,664 104-3 142-6 49-1 
1935 295,857 102-1 148-9 48-4 
1936 309,936 100-0 154-7 48-0 
1937 316,400 95-8 155-4 48-0 
1938 314,203 96-2 155-2 49-1 























Applying multiple ete: analysis to the logarithms of the data we 
find that 


consumption oc (price)~°"*(income)**(temperature)-°84e0O, 


During the inter-war period, then, the elasticity of demand with respect 
to price was —0-08 and income elasticity +0-16. If average annual 
temperature rose by 1 per cent., sales of gas tended to decrease by 0-84 
per cent. In addition there was a residual increase in gas consumption 
of magnitude 1 per cent. per annum. The positive contribution to this 
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trend was a reflection of the widespread new installation of gas appliances 
for heating and cooking. In fact the number of gas consumers increased 
from 1924 to 1938 by 40 per cent., a compound rate of 2-4 per cent. per 
annum. There must also have been, however, a negative contribution 
from the fact that during the period electricity was rapidly superseding 
gas for lighting. Thus the new consumers would tend to be users for heat- 
ing and cooking only whereas many of the old ones would also be lighting 
consumers. Indeed, the large-scale development of the electricity supply 
industry since the 1914-18 war meant that the gas industry was operating 
under highly competitive conditions in all its uses, and technical advances 
with the development of modern equipment were necessary to enable the 
industry to do any more than merely hold its own even as regards space- 
heating and cooking. 


2. Electricity 


The trend in efficiency of electricity generation in steam stations can be 
seen from the following table: 








TaBLeE IIT 
Average fuel Average fuel | Average fuel 
consumption per consumption per consumption per 
Year unit generated* | Year | unit generated* | Year | unit generated* 
1925-6 2-53 1932 1-74 1939 No 
1926-7 2-40 1933 1-65 to figures 
1927-8 2-43 1934 1-58 1944 available 
1928-9 2-16 1935 1-54 1945 1-51 
1929-30 2-05 1936 1-57 1946 1-52 
1930 1-97 1937 1-51 1947 1-51 
1931 1-82 1938 1-45 




















* Converted to basis of coal. 


The behaviour follows that of gas in improving up to about 1938 and 
then, almost certainly although comparable figures are not available for 
the war years, deteriorating during the war. Efficiency has suffered during 
and since the war because of the poorer quality of coal available. 

In analysing demand for coal by electricity generating stations it is 
again necessary to study the demand for electricity although it should be 
stressed that electricity can be generated by means of oil-engines, gas- 
engines, refuse destructors, and water-power as well as by steam-engines. 

Electricity consumption can be divided into two main categories: 

(a) Lighting, heating, and cooking. Sales here will be mainly to domestic 
consumers, although shops, offices, and commercial premises will also be 
important. Relevant variables are consumption, price, income, and 
temperature. The widespread adoption of complicated tariffs makes the 





hw lle ket ll atlllllelC et ll Ff lC OO UCUrhULTlllClTTllCOCOMrhlOeelCMmlC etl Pf TltCO Cee CO 


® get Gee Ge Geet Gee Ok Oe ‘Dee feet fee Ge Geek Gee Ge Oe 8 





nd 
or 
ag 


ie 


a" 





K. S. LOMAX 55 


selection of a representative true price, in the case of electricity, almost 
impossible and the additional barrier of absence of published information 
about more than a small sample of tariffs makes it unavoidable to use 
other than average revenue as the price variable. This was deflated by 
means of the official cost-of-living index. It is important to be clear con- 
cerning the consequences of this choice. In the case of a two-part tariff 
the greater the consumption by an individual, the lower is his average 
cost per unit. Thus to some extent the continuously decreasing average 
revenue in the period 1920-38 was a consequence of the increasing con- 
sumption and not vice versa. The effect will be for the analysis to give 
a rather exaggerated value for price elasticity of demand, but as the result 
obtained is almost negligible anyway, perhaps the inevitable but certainly 
unsatisfactory choice of price is not a serious detriment. For income, 
factor cost national income at constant prices was used, an indicator 
which, fortunately, reflects the real level of economic activity as well as 
purchasing power in the hands of consumers. Average annual temperature 
in Great Britain is, again, included, being, apparently, the most appro- 
priate variable representing variations in the weather. 








TaBLeE IV 
Sale of electricity Average tempera- 
for heating, light- ture in Great 
ing and cooking | Price (deflated) | Income (deflated) Britain 
Year (million units) (1921 = 100) (1900 = 100) (°F.) 
1924 1,038 101-7 7} 
1925 1,244 91-8 
1926 1,444 88-4 
1927 1,708 85:7 
1928 2,036 77-7 
1929 2,344 73-8 
1930 2,744 71:5 : . 
1931 3,072 72-7 poe A 
1932 3,469 70-8 ; 
1933 3,916 68-8 
1934 4,535 63-9 
1935 5,504 56:9 
1936 6,454 51:8 
1937 7,349 46-5 
1938 8,438 43:3 




















Multiple regression analysis is applied to the logarithms of these 
variables, including a residual time trend, there having obviously been 
a considerable increase in the use of electricity quite apart from the 
influence of price, income, and temperature. The result is 


consumption oc (price)~°"!7(income)®*!°(temperature)—* 4e%136, 
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It is seen that, as in the case of gas supply, demand was very inelastic 
with respect both to price and income. The substantial residual trend, 
consisting of a 13-6 per cent. per annum increase of consumption, would 
be associated with the installation of electrical appliances for cooking, 
heating, and lighting both in the new housing built in the inter-war 
period and in old premises. In the latter case electricity would be replacing 
gas, particularly for lighting and, to some extent, coal for heating 
purposes. 

(6) Power. In the case of industrial power there will have been un- 
doubtedly in the period considered a shift to the use of more electricity 
in place of coal which is not entirely a matter of relative price, even if the 
cost of ancillary equipment and the labour necessary is included. Con- 
venience, cleanliness, flexibility, and suitability for mechanization are 
certainly factors with an appreciable effect. In fact the view is taken that 
price and income will have played a relatively negligible part in the 
determination of demand, the more reasonable variable to include being 
an index of industrial production. One complication is obvious. Industry 
itself generates a substantial proportion of the electricity it uses, data 
relating to this being available, prior to the war, only in Census of Pro- 
duction years. Thus the increase in electricity purchased may not be 
entirely a matter of direct substitution of electricity for coal but of pur- 
chased electricity for electricity generated within industry itself. Such 
figures as we have indicate that from 1924 to 1935 the proportion of 
electricity which was purchased increased from 45-8 to 49-1 per cent., an 
appreciable change, but one not so large, perhaps, as to seriously invalidate 
the analysis. 

The variables considered, then, are, sales of electricity for power, the 
London and Cambridge Economic Service annual index of industrial 
production, and time. Ideally, if it were possible, an index of production 
consisting of an average of relatives weighted by electricity consumption 
would be used. 

Multiple regression analysis applied to the logarithms of the variables 


gives 
consumption . - eh oe 
of electric } o yoorene, erent, 
power output 


That is, there has been during the period, an increasing tendency, of 
magnitude 6-8 per cent. per annum, to use electricity for power in industry 
even at a constant level of industrial output. In addition, when industrial 
activity increased by, say, 1 per cent., the demand for electricity rose by 
0-72 per cent. 
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TABLE V 

London and Cambridge 

Economic Service Index 

of Industrial Production | Electricity sold for power 

Year (1924 = 100) (million units) 

1920 104-7 2,505 
1921 753 2,105 
1922 89-3 2,605 
1923 91-1 3,089 
1924 100-0 3,532 
1925 101-4 3,760 
1926 90-5 3,767 
1927 110-1 4,538 
1928 108-7 4,926 
1929 115:8 5,408 
1930 106-5 5,371 
1931 97:3 5,435 
1932 98-7 5,693 
1933 107-5 6,392 
1934 120-1 7,285 
1935 126-9 8,250 
1936 137-0 9,312 
1937 142-9 10,422 
1938 131-0 10,757 











3. Railways 


Modification in statistical returns relating to the railways introduced 
on 1 January 1928 make it essential to confine the analysis to the period 
1928 to 1938. First, with regard to the railways’ efficiency in coal use we 
have the following figures of average coal consumption per 1,000 engine- 








miles: 
TaBLE VI 
Average coal Average coal 
consumption per consumption per 
Year 1,000 engine-miles Year 1,000 engine-miles 

tons tons 
1928 22-8 1934 21-8 
1929 22-9 1935 21-7 
1930 22-4 1936 21-8 
1931 22-3 1937 21-8 
1932 21-9 1938 21-4 
1933 21-8 














There seems to have been a slight improvement in coal utilization over 
the period although very much less than for gas and electricity, but, per- 
haps, the scope is smaller. Efficiency of coal-use on the railways will be 
largely a matter of engine construction and such features of a haul as the 
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length of the journey, the weight carried, the speed, and the frequency 
of stops. 

The demand for coal by the railways is, again, a derived demand. 
Fundamental are demands for passenger trains and goods traffic. 

(a) Passenger trains. Firstly, a word about the measurement of passenger 
traffic. The alternatives are engine-mileage of coaching or the number 
of passenger journeys. The difficulty about the latter is such variation 
as there is likely to be, from time to time, in the average length of passenger 
journeys. But this is probably less serious than the comparative insensi- 
tivity, in the short period, of engine-mileage to changes in passenger 
demand. This is particularly so at times of falling demand and is seen in 
the following table from 1929 to 1932. In times of rising demand extra 
mileage follows, with a time-lag, of course, the upward trend in passenger 
journeys. 








TaBiE VII 

Engine-mileage| Passenger Engine-mileage| Passenger 

of coaching journeys of coaching journeys 

Year (millions) (millions) Year (millions) (millions) 
1928 251-3 1,249-7 1934 266-6 1,199-9 
1929 257-1 1,267-7 1935 272-9 1,231-2 
1930 258-4 1,238-5 1936 278-9 1,257-1 
1931 253-7 1,172-0 1937 283-4 1,295-4 
1932 253-8 1,140-9 1938 287-4 1,237-2 

1933 258-2 1,158-9 




















The difficulty in selection of a representative true price and the absence 
of published information about passenger fares necessitate the use of 
average receipts per ordinary passenger as the price variable. In the 
analysis of demand, then, the variables are as follows: 








TaBE VIII 
Average receipts per 
Passenger ordinary passenger 
journeys (price deflated) Income at 
Year (millions) (1928 = 100) constant prices 

1928 1,249-7 100-0 
1929 1,267-7 94-3 
1930 1,238-5 94-7 
1931 1,172-0 97-4 
1932 1,140-9 94-8 z > 
1933 1,158-9 94-9 fag Bio 4 vod 
1934 1,199-9 93-5 y 
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The result of applying multiple regression analysis to the logarithms of 
the above variables is as follows: 


: — oc (price) 5(income)!"14¢e 024, 
journeys 


The elasticity of demand with respect to price was —0-15, income 
elasticity 1-14. During the period considered, apart from the influence 
of price and income, the number of railway journeys tended to decline at 
an average rate, approximately, of 2:4 per cent. per annum. This, no 
doubt, was due to increasing competition from road passenger vehicles. 
Railways have been losing passenger traffic to buses mainly on short 
distances and the principal reason is, of course, the relative cheapness of 
the fares on the latter, but an additional factor has been the convenience 
and flexibility of road vehicles particularly in relation to new housing 
estates. The low value for the price elasticity probably would not apply 
in all circumstances to all traffic. If the price of short-distance rail passen- 
ger traffic were reduced sufficiently to approach the road-traffic level, 
presumably there would be a much bigger increase in demand than the 
above elasticity suggests. For long-distance traffic, speed and comfort 
are usually considered more important and demand would be much less 
price elastic. 

(b) Goods traffic. The two types of goods traffic must be considered 
separately. 

(i) Minerals and merchandise. Here the procedure of relating consump- 
tion to price and income does not really apply. It is the volume of goods 
produced which solely determines the traffic to be carried by transport 
undertakings. The only qualification to this is that account must be taken 
of the competition between road and rail transport which was particularly 
severe for goods traffic. This could be done by including a variable to 
represent either the main cause of the growing importance, during the 
period, of road transport, namely, the relative prices of the two kinds of 
traffic, or, the mere effect. It is almost impossible to adopt the first 
alternative because of the lack of published information about road 
charges. The second choice could be satisfied by, say, the number of 
commercial goods vehicles licensed or the consumption of petrol. There 
would be disadvantages in either case. The number of commercial goods 
vehicles licensed might remain unchanged while the traffic carried varied 
appreciably. There are no figures of commercial goods petrol consumption 
as distinct from private motoring and passenger vehicles, and there is no 
reason to assume that the different types of consumption move in parallel 
except in a broad sense over long periods. However, it does not appear 
to matter a great deal which variable is chosen; the results seem to be 
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very much the same and as probably on balance the number of commercial 
goods vehicles licensed is preferable and, certainly, gives a slightly better 
fit, this is the one adopted. The data are as follows: 














TABLE IX 
London and Cambridge 
Tonnage of minerals | Economic Service Index 
and merchandise of Production 
(except coal) carried (excluding the coal Commercial goods 
by the railways industry) vehicles registered 
Year (million tons) (1924 = 100) (thousands) 
1928 118-8 112-5 294-2 
1929 122-4 119-6 318-3 
1930 111-0 109-4 334-2 
1931 94-7 100-1 349-0 
1932 82-4 102-6 357-1 
1933 85-6 113-2 372-3 
1934 96-0 127-2 401-5 
1935 96-1 135-2 414-8 
1936 103-2 146-8 438-6 
1937 109-0 152-9 460-3 
1938 91-7 139-8 471-2 














The relationship obtained is 
— —T | commercial , 
carried output road vehicles 

This means that if the volume of industrial production increased by 
1 per cent., the tonnage carried by the railways rose by 1-18 per cent. and, 
in addition, goods traffic on the railways declined by 1-20 per cent. when 
the number of commercial goods vehicles on the roads increased by 1 per 
cent. 

(ii) Coal. In the case of coal there will be little competition from road 
transport and the tonnage carried by the railways should be directly and 
closely related to the figures of coal production. The data are 








TABLE X 

Tonnage of Tonnage of 

coal carried Coal coal carried Coal 

by railways production by railways production 

Year | (million tons) | (million tons) Year (million tons) | (million tons) 
1928 187-3 237-5 1934 174-0 220-7 
1929 207°1 257-9 1935 174-8 222-2 
1930 193-3 243-9 1936 177-5 228-4 
1931 173-7 219-5 1937 188-1 240-4 
1932 167-2 208-7 1938 172-8 227-0 
165-5 207-1 
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It is found that, as expected, 


pee of we coal e 
carried by rail production 


and the coal carried by rail rises by, effectively, 1 per cent. when coal 
production increases by 1 per cent. 


4. Manufacturing industry 

We now come to the categories which, to deal with, are most difficult 
because of lack of information. We have direct estimates of consumption 
of coal by manufacturing industry only in Census of Production years 
1924, 1930, 1935, and for 1936 onwards in the Annual Abstract of Statistics. 
These values should be related to the level of industrial activity and con- 
sumption of purchased electricity by industry, there having been a strong 
tendency to substitute electricity for coal used directly, particularly as 
a source of power and also, to some extent, for other purposes. There are, 
however, a number of formidable difficulties. In the first place, limited as 
we are to the period prior to 1939 because of the absence of production 
figures in the war years, the sample of data even if it were reliable would 
be ludicrously inadequate in size. Secondly, there is reason to believe the 
coal consumption figures are not very reliable and, indeed, in later issues 
of the Abstract this item has been merged in a broader category. Thirdly, 
the level of industrial activity is not adequately measured for our purpose 
here by a normal production index weighted, as it usually is, by net output, 
since the relative net outputs of a number of industries may be no indica- 
tion of their relative importance as coal consumers. Fourthly, although 
we know the consumption of electric power by industry, the consumption 
for heating cannot be discriminated from domestic demand. Fifthly, in 
pre-war days we only had knowledge of industrial consumption of other 
fuels such as coke and fuel oil for Census of Production years. 

These are factors discouraging enough and, unfortunately, it is impos- 
sible to do very much about them. In the index of manufacturing pro- 
duction, for example, we could weight the relatives for the main groups 
(iron and steel, engineering and ship-building, textiles, &c.) by coal con- 
sumption, but as these relatives themselves are averages of large numbers 
of individual series weighted by net output and we do not know these 
individual values, we cannot construct an entirely satisfactory index. 
However, even in these depressing circumstances some progress can be 
made. In the PEP report on the Fuel and Power industries (p. 326 et seq.) 
the efficiencies of different fuels in industry are compared. The overall 
efficiency of coal as a source of power, averaged over all manufacturing 
industry, whether the power is applied mechanically or electrically, is 
2-1 per cent. Electricity sold for power by authorized undertakings can 
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be taken to have an average efficiency of 75 per cent. These figures mean 
that in useful power 1 million kWh. is equivalent, approximately, to 
0-0038 million tons of coal. Thus we can convert the industrial consump- 
tion of electric power into an equivalent volume of coal consumption. 
We arrive, in this way, at figures of total equivalent coal consumption 
(electricity-+coal consumed directly) by industry which should be associ- 
ated with an index of industrial activity. 








TABLE XI 
Coal consumed Board of Trade 
directly by Index of 
manufacturing Total equivalent | Manufacturing 
industry Electric power | coal consumption Production 
Year (million tons) (million kWh.) (million tons) (1924 = 100) 

1924 65-1 3,532 78-6 100-0 
1930 54-9 5,371 75-4 104-8 
1935 56-4 8,250 87-8 121-7 
1936 63-6 9,312 99-1 134-4 
1937 66-9 10,422 106-6 143-1 
1938 61-1 10,757 102-1 132-5 




















The relationship 


eee te | index of ¥ 
consumption production 


is indeed close. If the Board of Trade index of industrial output increased 
by 1 per cent., equivalent coal consumption tended to rise by 0-97 per cent. 
A convincing result. There is at least one qualification necessary however. 
Possible changes in the efficiency of fuel utilization are ignored here, which 
may have introduced some error. 


5. Domestic demand (including households, miners’ coal, and non- 
industrial establishments). 


Here difficulties are even more formidable. Limiting ourselves to the 
pre-war period because of the distortion of demand by rationing, shortages, 
&c., the only estimates of domestic coal consumption in Great Britain 
are, for 1936 onwards in the Annual Abstract, and for 1924, 1930, 1935 by 
subtraction of all other categories of coal consumption from the total 
available. The latter device is only possible in Census of Production years 
when industrial demand is known. These data relating to domestic coal 
consumption are probably even more suspect than those of industrial coal. 
Subtraction of other categories from the total available, for instance, is 
very hazardous as it ignores changes in stocks. In fact the figure for 
Manufacturing industry+Domestic coal obtained as a residual shows 
much more erratic fluctuation than can be real presumably because in 
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pre-war days no account was taken of, there being no knowledge on, stock 
variations. Further, although the variables affecting domestic demand are 
more clearly defined and easily measurable, there are more of them. They 
are: retail price, national income per head, number of households, tem- 
perature, and consumption of the close substitutes electricity and gas. 
If the number of households is regarded as important, national income 
per head is a more appropriate variable to include than national income, 
but the fact that houses and income per head were closely correlated in 
pre-war years means that it would probably be difficult to disentangle the 
two effects, and the number of variables could be reduced by considering 
national income only. With regard to electricity it is only in heating that 
there is keen competition with, and substitution for, coal but, unfortunately, 
we have information about consumption only for heating, cooking, and 
lighting combined. This is made more serious by the fact that the con- 
siderable increase since 1920 in this item is to a very large extent due to 
the widespread new installation of lighting and cooking appliances. 
Furthermore, the effect on coal consumption of increasing sales of electri- 
city for domestic heating, calculated as an elasticity, is bound to be small. 
In the PEP report on the gas industry (Appendix II, pp. 187 et seq.) are 
to be found estimates of the efficiency of coal and of electricity in domestic 
heating. The figures are 15 per cent for coal and 75 per cent. for electricity. 
This would suggest that 1 per cent. of electricity used for heating in the 
home would be equivalent, roughly, to 0-04 per cent. only, of coal con- 
sumption. Similar remarks apply to gas. The efficiency of gas in domestic 
use is about 50 per cent., so that a rough estimate suggests that 1 per cent. 
of gas consumption corresponded to about 0-16 per cent. of coal, although 
in pre-war days, far from being able to state the figure of consumption for 
cooking and heating, we could not even distinguish domestic consumption 
as a whole. In addition these shifts to the use of more gas and electricity 
but less coal are closely correlated with income. It is a feature of rising 
standards of living that more gas and electrical appliances are installed 
and more of these alternative fuels used. In fact, of course, there is the 
capital cost of purchasing equipment always involved in using gas or 
electricity for heating. 

The weather would be expected to affect domestic coal demand, but 
in the years for which there is data on consumption the only feasible 
measure of weather effects, namely, average temperature in Great Britain, 
is remarkably constant and quite unpromising for inclusion in even the 
crudest analysis. In the course of a year variations in weather effects 
balance out to such an extent and average temperature varies so in- 
appreciably that a fairly long series (as was available for gas and electricity) 
is needed if this variable is to be included. 
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Thus in a very approximate way it seems appropriate to examine the 
dependence of domestic coal consumption on price and income only. An 
average retail price calculated from figures given monthly in the Ministry 
of Labour Gazette is deflated by the cost-of-living index with coal removed. 
Income of the consumers is taken to be factor cost national income at 
constant prices. 








TaBLE XII 
Domestic coal 
consumption Price Income 
Year (million tons) (1920 = 100) | (1920 = 100) 

1924 60-3 134-0 100-4 
1930 57-4 134-9 112-6 
1935 54-0 148-7 129-9 
1936 54-6 150-7 135-0 
1937 55:3 146-5 134-9 
1938 54-2 147-5 134-6 














The result is a very good fit indeed, in the circumstances, and conclusions 
not altogether surprising: 


(consumption) cc (price)~*!6(income)~* 2’, 


Thus, with respect to both price and income, demand appeared to be 
inelastic but negative. If price rose by 1 per cent. demand tended to 
decline by 0-16 per cent., and an increase in income of 1 per cent. was asso- 
ciated with a fall in demand of 0-27 per cent. There appears to have been 
then, in pre-war days, some evidence to suggest that coal might be an 
inferior good. As people had more money to spend they perhaps shifted, 
to some extent, from coal to electricity and gas. The inelasticity of 
domestic demand is one of the more reassuring results of the analysis. 
For it would be expected, expenditure on fuel usually forming a small but 
essential item in household budgets, that such a conclusion would emerge. 


Conclusions 


The rough and approximate nature of much of the foregoing does not 
need to be stressed. Statistically the confidence limits for many of the 
estimates of parameters included are comparatively wide.1 However, 
there do not appear to be many glaring inconsistencies in the results of the 
different sections and the magnitudes seem not unreasonable. In all cases 
the fitting was good as is indicated by the following list of multiple 
correlation coefficients. 


1 A Table showing confidence limits is included in the Appendix. 
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Gas. ; é ° ° - 0-95 
Electricity: lighting, heating, and cooking ° ° . - 1:00 
power . . ° . - 1:00 

Railways: passenger traffic . . - (087 
goods traffic: minerals and merchandise ‘ - 0-90 

coal - ‘ ° ‘ é - 0:97 

Manufacturing industry . ‘ . . ° ° - 0-97 
Domestic demand . ° . ° ° ° ° - 0-96 


It is clearly of doubtful wisdom to project the results 10 years ahead, 
but in one category at least, namely, domestic demand, which has pre- 
sumably received the main impact of coal shortages during and since the 
war, it would be interesting to compare actual consumption in 1948 (the 
latest year for which this is possible) with expected consumption in un- 
restricted circumstances, on the basis of changes in price, income, electricity 
consumption, &c., since 1938. This is difficult since it has not been found 
possible to carry out a completely satisfactory analysis of domestic demand 
but some progress can be made. In 1948 income at constant prices was 
21-1 per cent. up on 1938. This might be expected to lead to a decline 
in coal consumption, due to the consequential shift to the use of more 
electricity or gas, of about 5-7 per cent. Price has risen, relatively, by 
a small amount, 1-6 per cent., leading, perhaps, to a slight decline of 
0-3 per cent. in coal consumption. Thus if there were no rationing, 
shortages, or restrictions, domestic demand would be expected in 1948 
to be about 6 per cent. down compared with 1938. A consumption of 
50-9 million tons compared with the 40-6 million tons actually realized. 
This is not altogether consistent with the estimate by the National Coal 
Board in its long-term plan for the Coal Industry published on 14 Novem- 
ber 1950. An important chapter is concerned with a study of demand by 
the Board prior to drawing up the plan. The Board estimates that inland 
demand in 1961-5 will be 205-215 million tons per annum compared with 
consumption of 195-7 million tons in 1949, and 180-7 million tons in 1938. 
It is stated that recent trends in inland consumption suggest a much 
bigger volume of demand in the immediate future and the estimates have 
been worked out with past trends as a background but also taking into 
account known or probable developments of the main industries. This 
is a technique which, while convincingly appropriate for industrial demand, 
can hardly with confidence be applied to domestic consumption. 

It is pointed out that physical limitations to the amount of recon- 
struction that can be undertaken in the next few years make the practical 
effect of under-estimating inland demand slight. However, it seems doubt- 
ful whether the full effects of rearmament on industrial demand have been 
allowed for and the estimates of domestic demand appear, in light of the 
above analysis, inadequate though this may be, very conservative indeed. 

4520.1 F 
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The figure for consumption at collieries, in households, and by miscel- 
laneous consumers is 60 million tons, only slightly above the 1948 level 
(58-4 million tons) and well below the 1940—75-9 million tons. There is, 
indeed, no mention of any attempt to work out likely changes in price, 
income, consumption of substitutes, and number of houses and their 
probable effects on domestic sales. It may be that indefinite continuation 
of some form of rationing or physical restriction is envisaged. This would 
seem to be necessary. One of the most striking and, probably, most 
reliable, results which has emerged from the analysis is the extreme 
inelasticity of demand for fuel and power of all kinds with respect to price. 
It seems unlikely that we could control demand by means of the price 
mechanism alone. 


DEPARTMENT OF ECONOMICS, February 1951. 
THE UNIVERSITY, 
MANCHESTER. 
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APPENDIX 


Confidence Limits for Parameters 


67 


The samples of data being, in all cases, small, confidence limits for parameterr 
are given by the estimated value +¢ x (standard error), with the value t, appropriate 
to the degrees of freedom, obtained from ¢-distribution tables. 
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3 r : £ 
= Q © 
. ep ey ts | $3 | 33 
ss ~ 23 g's 3.5 > 
£ | FF | ee] be] 2] FF | ee] EF] 8 
Sj 28 | es | as S <8 es | a> = 
Gas ° 15 5 10 2-228 | Price —0-08 | 0-099 0-22 
Income 0-16 | 0-185 0-41 
Temperature | —0-84 | 0-491 1-09 
Time 0-004 | 0-00199 | 0-004 
Electricity for 15 5 10 2-228 | Price —0-17 | 0-113 0-25 
lighting, Income 0-10 | 0-238 0-53 
heating, and Temperature | —1-04 | 0-583 1-30 
cooking Time 0-059 | 0-00274 | 0-006 
Electric power 19 3 16 2-120 | Output 0-72 | 0-090 0-19 
Time 0-029 | 0-00112 | 0-002 
Raiivway pas- ll 4 7 2-365 | Price —0O-15 | 0-265 0-63 
sengor traffic Income 1-14 | 0-217 0-51 
Time —0-010 | 0-00219 | 0-005 
Railway goods ll 3 8 2-306 | Output 1-18 | 0-196 0-45 
traific Road vehicles | —1-20 | 0-183 0-42 
(i) Minerals 
and mer- 
chandise 
Railway goods 1l 2 9 2-262 | Output 0-99 | 0-069 0-16 
traffic 
(ii) Coal 
Manufacturing 6 2 4 2-776 | Output 0-97 | 0-100 0-28 
industry 
Domestic 6 3 3 3-182 | Price —0-16 | 0-284 0-90 
demand Income —0-27 | 0-118 0-38 





























it will be noted that although in almost all cases the signs and values of the 
regression coefficients are sensible and, economically, there are strong grounds for 
not excluding them, in fact several are insignificantly different from zero. If these 
were omitted the standard errors and confidence regions for the others would of 
course be different. Furthermore, because of the danger of serial correlations in the 
residuals, the values given must be regarded rather as lower limits for the confidence 
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STATISTICAL COST FUNCTIONS IN ELECTRICITY 
SUPPLY* 


By J. JOHNSTON 


I. Introduction 


Tue purpose of this study is to construct statistical cost functions for 
electricity supply in order to test whether the cost-output relationships 
normally postulated by the economic theorist apply in this industry. The 
choice of industry was dictated by two considerations: 

(a) simplicity from the point of view of economic and statistical analysis { 

(fixed technological conditions, single homogeneous product, &c.), and 

(b) availability of cost-output data in the Annual Returns of Engineer- 

ing and Financial Statistics. 

In this first section we obtain a mathematical formulation of the 
alternative cost-output relationships. These equations then constitute { 
the set of a priori admissible hypotheses to be used in the statistical 7 
analysis of the data. The nature and limitations of the statistical data 
employed are discussed in Section II, while in the following section the | 





method of analysis is described. The results are presented in Section IV, 
and in Section V we discuss the conclusions that may be drawn from the 
analysis. 


(a) Mathematical Formulation of Cost-Output Relationships. 
Examining first of all the theoretical conclusions about the Short-Period 
Cost Function, we find the alternative versions may be classified into three 
different categories, the distinction between them depending upon the 
treatment of Marginal Cost: 





Cost 





oa on a 











Output 
Fie. 1 





* My thanks are due to Professor D. G. Champernowne for his comments on thestatistical i 
methods employed, and also to Professor Emrys Williams, of the Dept. of Electrical Engineer- : 
ing, U.C.N.W., and Mr. L. O’Donnell, Economic Adviser to the B.E.A., for their help in 
obtaining some of the data on which this study is based. I 
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The orthodox version shows all three curves (Marginal, Average Vari- 
able, and Average Total Cost) as U-shaped. The corresponding Total 
Cost Function can then be represented by a third degree polynomial: 


° Y = aX*—bX?+cX+d (1) 
where a, b, c, and d are positive constants (b? < 3ac),? 
with Average Cost = aX?—bX+c+d/X (2) 
and Marginal Cost = 3aX?—2bX+-c. (3) 


It is convenient to restate these equations with reference to Total Vari- 
able Cost, as the data employed in this study relate mainly to Variable 
Costs. The constant d in (1) is equal to Total Fixed Costs. Therefore the 
functional relationship of Total Variable Cost to Output may be stated as: 


Y! = aX*—bX*+cX, (4) 
where Y! represents Total Variable Cost. 
Consequently AVC = aX*?—bX+c (5) 
and Marginal Cost as before is 
MC = 3aX?—2bX-+. (3 above) 


This case of U-shaped AVC and MC curves follows from the assumption 
of the Law of Diminishing Returns in its strictest form, namely that the 
fixed factor is indivisible, so that each varying dose of the variable factor 
or factors has to be applied to the whole of the fixed factor, or not at all.® 


(b) Linear increasing AVC and MC Functions. A second varia- 
tion represents Diminishing Returns over the whole range of output, with 
AVC and MC increasing continually, and usually in a linear fashion. For 
example, in his Theory of Econometrics H. T. Davis designates Total Cost 
(i.e. Variable+ Fixed) as Q(w) where wu represents output, and Average Cost 
as q(w), and then writes: 

‘In most manufacturing enterprises the function q(u) will tend to diminish for 
certain ranges of output, since overhead costs remain nearly constant, while the cost 


of materials, labour, and similar concomitants of actual production tend to increase 
linearly ; that is to say, they increase proportionally to wu.’ 


He then assumes that Q(w) may be represented by a quadratic function 

Q(u) = au*+bu-+c, (6) 
so that q(u) = au+b+c/u; (7) 
and states that... 


‘such data as exist on the cost function show that (6) and (7) are essentially correct 
representations of total and average cost functions’.® 
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Although Davis does not state explicitly the AVC and MC equations it 
is easy to see that a quadratic Total Cost Function is equivalent to linear 
increasing AVC and MC functions. Reverting to the notation of section (a) 
with ¥ = Total Cost, Y1 = Total Variable Cost, and X = Output, we 
have a quadratic Total Cost Function 


Y = aX?+bX-+e. (8) 
c represents Total Fixed Costs. Hence Total Variable Cost is 
Y! = aX*+6X, (9) 
with Average Variable Cost 
AVC = aX+b (10) 
and Marginal Cost MC = 2aX+6, (11) 


where (10) and (11) are both increasing linear functions of output. 
The graphical representation of this case is as follows: 








ML. 
AL. 
AKC. 
3 
S 
ALEC. 
Output 
Fig. 2 


The Average Cost Curve is still U-shaped because of the downward pull 
of AFC in the early stages and the influence of the steadily rising AVC in 
the higher ranges of output when AFC is tending towards the output axis 
as an asymptote. Stigler cites this case as an example of fixed equipment 
which is (1) fully adaptable for use with different amounts of the variable 
factor, and (2) perfectly divisible. 

‘There cannot be a region of decreasing average variable costs with complete 
divisibility of the fixed plant, since the productivity of variable productive services 
can always be increased in such a region by using less of the fixed plant.”¢ 

(c) AVC and MC coincide in a Horizontal Straight Line. Thirdly, 
some writers, notably M. Kalecki’ and P. W. 8S. Andrews® have vigorously 
supported the thesis of constant Average Variable and Marginal Costs in 
the Short Period, and most of the few empirical studies of cost functions 
so far made have tended to support this theory, especially the pioneer 
work of Dean, Yntema, Wylie, and Ezekiel. The methods and results of 
these empirical studies have, however, been subjected to some criticism.’ 
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This case may be represented by the following simple equations. Total 
Cost is now a linear function of output: 


Y = aX+0. (12) 

Since 6 represents Total Fixed Costs, Total Variable Costs are 
Y1=aX; (13) 
so that AVC = MC = a = constant. (14) 


The theoretical explanation of constant AVC and MC curves is usually 
couched in terms of unadaptable, but divisible, capital equipment." 
These conditions are shown in Fig. 3, where the Average Cost Curve 
is in the same position and relationship with respect to the constant 
AVC-MC-line as is the Average Fixed Cost Curve to the X-axis. 
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The specification of the three varieties of short period cost situation 
shows that each corresponds to the particular assumptions made about the 
nature and the technological conditions governing the use of the fixed 
equipment. The main task of extensive empirical research into cost 
functions is, therefore, not strictly to ‘test’ economic theory but to show 
which of the various alternatives is quantitatively the most important. 
That this in itself is no unimportant task may be evidenced by the theo- 
retical deductions and corresponding policy conclusions that follow from 
the assumption of particular types of marginal cost situation.” Further, 
this initial statement of the various alternatives provides us with the set 
of a priori admissible hypotheses to be used in the statistical analysis of 
the data in Section III. In terms of Total Variable Cost and Output the 
three hypotheses are 

Y! = aX*—bX*+cX 
Y! = aX?+6X . (15) 
Y1 = aX 


Theoretically the Total Variable Cost Function contains no constant term. 
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In practice, routine accounting data seldom yield a strict division between 
variable and fixed costs in the economist’s sense ; so that ‘variable’ cost 
data, for example, will almost certainly contain some element of fixed 
cost, thus giving rise to a constant term in each of the estimated equations 
in (15). Secondly, the available range of output observations seldom 
approaches closely enough to zero for the precise shape of the cost function 
in that region to be established with any great confidence. The extension 
of fitted cost functions will therefore usually meet the Y-axis at a point 
other than zero. It is therefore convenient to rewrite (15) with a constant 
term in each equation. 

Y1 = aX8—bX*+cX+d 

Y1 = aX*+6X-+c P (16) 

Yi=aX+b 
This will not affect the Marginal Cost Function, which is our primary 
interest here. 

Finally, the cost functions of economic theory are timeless abstractions, 
while the data available in empirical research are usually observations 
from different time periods. Therefore one must proceed on the assump- 
tion (a) that the relationship being approximated has remained un- 
changed during the period studied, or (6) that it has changed in some defin- 
able and measurable way. Since there are many different factors making 
for shifts in the cost function (obsolescence of plant, changed management 
techniques and production methods, &c.), all of which are not liable to 
show startling changes in the same year, we may assume that the com- 
bined over-all influence of these factors changes slowly and smoothly with 
Time. It may therefore be represented by the inclusion of 7’ as an addi- 
tional explanatory variable in the above set of equations. For simplicity 
we shall include only a linear term in 7’, giving 

Y1 = aX*—bX2+-cX+d+eT 
Y1 = aX?+bX+c+dT . (17) 
¥Y1 = aX+b+cT 

The Long-Period Cost Function. The Long-Period Cost Function 
is traditionally conceived as the ‘envelope’ to the family of Short-Period 
curves, and the Long-Period Average Cost Curve is taken to be U-shaped. 
Taking Y to refer to Total Cost and X to Output, where the observations 
now cover a range of different plant scales, an appropriate Total Cost 
Function is once again a third degree polynomial, though it is also possible 
here that a linear or quadratic regression will give a better fit than the 
cubic,* i.e. Y = aX*@—bX2+cX+d. (18) 


* Note. The actual observations will lie on Short-Period curves so that fitting a function 
to them will give a slightly higher curve than the true Long-Run Function. 
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Alternatively, an interesting statistical experiment can be carried out by 
working in terms of Average Cost and including an additional variable Z 
to represent the size of plant. If then we set up the most general conic 
equation of the second degree, 


Y* = a+b,X+b, X?+cXZ+d,Z+d,Z?, (19) 


where Y* represents Average Cost, we shall obtain an alternative estimate 
of the Short-Run Average Cost Function by holding plant size (Z) con- 
stant at various levels, and also an alternative estimate of the Long-Run 
Average Cost Function, by examining the ‘envelope’ to successive Short- 
Period curves. The data employed in estimating equation (19) will have 
to be ‘cross-section’ data relating to many different firms at the same 
period of time, rather than a series of observations relating to a single 
firm over a long time period, since the latter cannot yield a sufficient 
variety of observations, especially at different plant levels, when the data 
are in annual form. Moreover, extensions of the time period increase the 
likelihood of substantial structural changes, such as the introduction of 
new techniques, &c., vitiating the use of the figures for the estimation of 
a single invariant relationship. 


II. The Data 


The annual volumes of Engineering and Financial Statistics (formerly 
published by the Electricity Commissioners and now continued by the 
Ministry of Fuel and Power) give details of Output, Costs, and Revenue 
for over 500 separate undertakings. It is not possible, however, to derive 
valid cost functions from these data for the complete process of electricity 
supply up to the consumption by final consumers on their domestic or 
business premises. This is because the vast majority of undertakers pur- 
chase their electricity in bulk from the national grid and merely act as 
distributors. Their classified Working Expenses therefore consist largely 
of the cost of ‘wholesale’ purchases of electricity, and the derivation, say, 
of a steadily falling Average Cost curve from these figures would only 
reflect the incidence of the two-part grid tariff. Over 100 undertakings, 
however, generate electricity for the grid, formerly under the directions 
of the Central Electricity Board and now under the British Electricity 
Authority. The Working Costs and Units Generated each year are recorded 
separately in each firm’s accounts, as are also similar data for those under- 
takers who still generate part or even all of the electricity required by 
their customers, so that it is possible to derive valid cost functions for the 
generation of electricity ; and the 40 functions derived in this study are all 
of that type. 
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We considered it desirable to concentrate attention on undertakings 
which, in 1946-7, were generating under the directions of the Central 
Electricity Board: 

(a) because such firms are likely to exhibit a much greater variety of 
output levels than one generating solely to meet the needs of con- 
cumption in its own area, or one which is merely producing a small 
fraction of its total requirements, and 

(b) because they are likely to represent roughly the best level of per- 
formance capable of attainment in the industry. 

The relation of the sample chosen to the total number of generating 

stations in the industry in 1946-7 is shown in the Table below. The 157 
firms in the smallest category were quantitatively very unimportant: over 
100 of them had an installed capacity of less than 1,000 kW. Ontheother 
hand, the 114 largest stations with an installed capacity each of 25,000 kW., 
or over, contained 90-5 per cent. of the total plant installed. About 150 
of the total number of stations were generating under the directions of 
the C.E.B. in 1946-7 and they and the C.E.B. together produced 96-8 per 
cent. of the total output of electricity in that year. Our sample thus 
constitutes about one-ninth of the total number of generating stations in 
the industry, and about a quarter of the important group of firms generat- 
ing under the directions of the C.E.B. 


TABLE I 


Relation of Sample to Total Number of Generating Stations 
in Industry, 1946-7 











No. of stations in 
industry 

Size of station (Public authorities} No. in 

(installed capacity) and companies) sample 
150,000 kW. and over . . ‘ 19 8 
100,000 ,, but under 150,000 s 22 8 
50,000 ,, »  » 100,000 . 41 6 
25,000 ,, » | eee : 32 4 
20,000 ,, » 9» 25,000 . 14 3 
15,000 ,, = ee ; 15 4 
10,000 _,, = » 15,000 ° 18 1 
5,000 ” ” ” 10,000 ° 33 6 
Under 5,000 kW. . 4 ‘ ‘ 157 age 
Totals : - : ’ a 351 40 











For each undertaking in the sample we extracted the information shown 
in Table II on p. 75, from the Returns for each year back to 1927-8, if 
possible. All undertakings in the sample had Steam Turbine Plant, of 
which the vast majority consisted of A.C. sets. This was the predominating 
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type of plant in use in the industry in 1946-7, accounting for 96-44 per cent. 
of the total equipment installed. The figures of Installed Capacity in 
column 2 of Table II enable us to classify our sample of 40 firms into two 
categories: for 17 firms the size of capital equipment remained constant 
throughout the period ; these firms fulfil, therefore, the basic condition of 
short-period analysis, and for them we may attempt to derive Short- 
Period Cost Functions. It is perhaps conceivable that the constancy of 
the figure for installed capacity could conceal a change in capital equip- 
ment, such as occurs when an old generator set is replaced by a new one 
of identical capacity but greater thermal efficiency. There are no means 

















TABLE IT 
Firm No. 15 
. : Total 
Year Installed Units inser asd A assist working 
(ended 31) capacity | generated| Fuel | Salaries and wages | Repairs and maintenance costs 
March) (kw.) (000) £ £ £ £ 
(1) (2) (3) (4) (5) (6) (7) 
A.C. Plant 
1947 | 6,750kW.} 4,932 | 12,802 1,983 3,381 18,166 
1946 | 6,750 kW. 1,760 5,225 1,004 3,268 9,497 
1928 | 6,750kW.| 8,727 | 8,841 7,071* 15,912 




















* Break down not available prior to 1932-3. 


of detecting from the published statistics whether this has happened or 
not, and we have assumed that it is the original equipment which has 
remained in use. This assumption is likely to be realized in practice since 
the average life of a generator set is more than 20 years, and it is likely 
that the capacity of new sets installed will usually be greater than that of 
the sets they replace. In some of the 17 cases the level of installed capacity 
did in fact change in the early years of the period 1927-8 to 1946-7. Where 
this occurred we omitted the annual observations in question in order to 
confine the data to those years in which capital equipment had remained 
constant. This reduced the number of observations below 20 in 13 cases 
(see column (2) of Table ITI). 

For each of the remaining 23 firms of the sample, there were several 
changes of capital equipment in the period studied, and for these we 
attempt to derive Long-Run Cost Functions. 

The unit 6f output is the Kilowatt-Hour, and the output of each station 
is recorded as in column (3) of Table II. The Working Costs of Generation 
are divided into the three categories of: 

(a) Fuel, which includes not only the delivered cost of coal but also the 

handling charges at the station. 
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(6) Salaries and Wages. This item covers only the staff engaged on 
operation. The salaries and wages incurred in fuel handling or 
in repairs and maintenance are included under those respective 
headings. 

(c) Repairs and Maintenance, Oil, Water, and Stores. This item, as 
mentioned above, includes the salaries and wages of men engaged 
on repairs and maintenance. From 1932 to 1947 this category ac- 
counted for just over 50 per cent. of the costs in this group. The 
remainder consists of the costs of a wide variety of materials, the 
more important being boiler tubes and other iron and steel products, 
lubricating and transformer oil, bricks, cement, electric cables, and 
paint. 

Clearly these three categories, which add up to give the Working Costs 
of Generation, do not correspond exactly with the variable costs of econo- 
mic theory. They probably include some element of fixed cost ; for example, 
a certain amount of fuel is required to keep the plant banked ready 
for operation, and some expenditure on maintenance would likewise be 
required at zero output. This is borne out by the 40 regression analyses 
below (see Tables VI and VII) all of which have a constant positive term 
on the right-hand side. This does not affect the derivation of Marginal 
Cost Functions, since their shape and position is not influenced by the 
level of fixed costs and they may equally well be derived from the true 
Total Variable Cost Function or from any function found by adding a 
constant term to the Total Variable Cost Function. And, as shown in 
Section I above, the prevailing type of short-run cost situation can be 
distinguished solely with reference to the behaviour of Marginal Cost. 

The statistical returns, unfortunately, are not so helpful with respect 
to capital costs. It is impossible to deduce from them the capital charges 
associated with any given plant level, or the variations in such charges as 
the scale of plant is varied. Each return up to and including 1937-8 does 
give figures of ‘Expenditure charged to Capital Account’ subdivided 
between (i) Land, Buildings, and Civil Engineering Works, and (ii) Plant 
and Machinery, but these are purely historical costs reflecting the total 
expenditure on each category in the life of the undertaking. The Plant 
and Machinery figure, for example, may be the sum total of the initial 
costs of several different items of plant, and cannot be taken as the specific 
cost of the current equipment. This difficulty is of no importance in the 
Short-Run analysis since we are interested primarily in the shape of the 
cost functions and not in their absolute level. For the Long-Run analysis, 
however, an attempt will have to be made to estimate the nature of the 
variation in Capital Charges as Output (and Plant Scale) vary (see Section 
IV below). 
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Tables III and IV give the more important features of the 40 sample 
firms. The firms have been numbered from 1 to 40 for convenience of 
reference. Column (2) shows in both tables the number of Annual Observa- 
tions from which the cost function for each firm will be derived. The 
' maximum number of observations in any case is 20, and the average for 
the 40 firms is just over 17. This is admittedly rather small, but could not 
| be avoided in the present study for three reasons: 

(a) It was not possible to obtain Price Index Numbers for the three 
categories of Working Costs extending back over a longer period. 
(6) In working with annual data, the attempt to increase the number of 
| observations increases the possibility of important changes in 
I 





techniques, &c., having occurred in the longer period studied. Thus 

, a balance has to be struck between the desire for a large number of 
observations and a short time period. 

(c) Care had to be taken to obtain a sufficient number of firms, which 
would conform to the requirement of having had constant capital 
equipment. This led in 13 out of 17 cases to a smaller number of 
years than the maximum 20 (see Table III). 


TaBLE III 
Installed Capacity and Output Range for 17 ‘Short-Period’ Firms 





























No. of Installed Output Coefficient of variation 
Firm | observations | capacity—kW. range for output = 1000 
no. (years) (constant) (Mn. units) 
(1) (2) (3) (4) (5) 
> -% 
1 12 1,000 D.C. 0-3-8-1 59-8 
8,600 A.C. 
2 15 5,500 ,, 0-02-13-1 101-2 
} 3 19 18,125 ,, 12-2-32+1 26-6 
4 18 29,750 ,, 12-9-53-4 31-8 
5 15 110,000 _,, 181-1-505-7 30-8 
6 20 23,750 ,, 21-5-41-6 19-7 
7 17 50,000 _,, 42-7~97-0 23:1 
8 19 | 23,300 ,, 18-8-54-7 31-1 
9 18 17,500 ,, 16-7-62-4 29-1 
10 15 15,350 ,, 8-4-23-0 33-5 
11 20 15,250 ,, 7-9-50-8 40-8 
750 D.C. 
12 18 4,375 A.C. 3-4-10-3 33-7 
9,000 D.C. 
’ 13 19 85,000 A.C. 53-3-129-8 21-7 
14 14 37,000 _,, 45-3-126-5 27-4 
15 20 6,750 ,, 0-5-19-7 103-6 
16 20 29,750 ,, 2-8-42-9 87-4 
17 18 7,500 ,, 0-6-12-5 66-7 
| On the other hand, taking a fairly large sample of firms will enable us to 


detect the existence of any uniformity in the type of cost function found, 
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and will to some extent compensate for the small number of observations 
in individual cases. Professor Yntema’s famous study of the Cost Function 
of the U.S. Steel Corporation was in fact based on only 12 annual ob- 
servations. 

Column (3) gives the Installed Capacity of each station, which is, of 
course, constant for the 17 firms in Table III. The corresponding figures 
in Table IV show the highest and lowest levels of Installed Capacity in the 
remaining 23 firms. The range of installed capacity is not usually as great 
as would be theoretically desirable for a good approximation to the Long- 
Run Cost Function, which is supposed to cover a very large number of 


TABLE IV 
Installed Capacity and Output Range for 23 ‘Long-Period’ Firms 








No. of 
Firm | observations | Range of installed Output range | Coefficient of variation 
no. (years) capacity—k W. (Mn. units) for output 
(1) (2) (3) (4) (5) 
AC. % 
18 20 69,500—120,000 107-5-308-4 35-1 
19 20 21,000—45,000 7-5-165-4 103-6 
20 20 14,700-86,900 15-7-363-4 104-3 
21 16 9,000—13,000 4-3—-43-5 59-6 
22 20 61,250-132,500 124-0-561-8 41-3 
23 14 140,000—345,000 100-4—1,561-3 34-2 
24 15 100,000-165,700 | 196-0—-531-0 20-6 
25 15 106,750-117,250 67-2-416-1 47-8 
26 15 50,000—-140,000 | 101-6-636-6 43-2 
27 15 156,250-131,250 82-5-324-6 43-1 
28 20 25,000-—95,000 26-0-353-4 113-9 
29 20 35,400-87,500 47-5-437-8 93-7 
30 20 155,250-238,500 | 216-5—-790-8 42-3 
31 15 37,500-130,750 59-0-376-8 52-0 
32 15 169,000-—222,000 | 372-1-727-4 15-3 
33 15 64,875-168,075 174-0-1,021-8 44-1 
34 15 25,000—-185,000 3-9-920-5 59-6 
35 15 122,500-178,000 | 446-0-881-5 20-9 
36 15 90,000-244,500 | 188-4—1,437-2 43-1 
37 20 46,500—76,250 36-7-279-4 746 
38 20 24,000—125,000 35-7-539-7 59-5 
39 20 13,000—20,750 10-8—44-9 } 33-3 
eee) 20 10,250-9,000 1-7-17:3 69-2 

















plant scales. In a few cases the highest plant level is as much as five, six, 
or seven times as great as the lowest level, but in most cases the ratio is 
about 2:1. A further drawback to the available statistical data is the fact 
that the different plant scales do not necessarily refer to different sets of 
plant: for example, in expanding from a capacity of, say, 50,000 kW. to 
80,000 kW. a firm may retain all of its existing equipment and merely 
install an extra 30,000 kW. of new plant. This will not seriously vitiate the 
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statistical approximation to the Long-Run Cost Function if the existing 
equipment tends to be just as efficient as new equipment of equal capacity. 
On account of both of these difficulties, however, it is desirable to supple- 
ment these 23 estimates of the Long-Run Cost Function with a few addi- 
tional estimates derived from ‘cross-section’ studies. 

The latter method raises difficulties of its own. The variation of costs 
from firm to firm in a given year may be due not solely to different output 
levels and plant scales but also to differences in the type, age, and 
obsolescence of plant, nearness to coalfields, efficiency of management, &c. 
It is, however, possible to take a large sample of firms in ‘cross-section’ 
studies and trust that the large numbers will to some extent result in 
cancellation of these diverse effects, so that the resulting cost function 
will be a fair approximation to the shape, 1f not to the actual position (or 
level), of the ‘true’ function. 

Finally, column (4) of Tables III and IV shows the Range of Output for 
each firm, and column (5) the Coefficient of Variation computed for output 
to give a relative measure of the dispersion of output in the different firms 
of the sample. 


III. Method of Analysis 

There are two main problems involved in the derivation of cost functions 
from raw data. The first is the rectification of the data to remove the 
influence upon costs of all factors other than output. As a recent writer 
says, the cost function 
‘is a ceteris paribus proposition that demands an intricate processing of the normally 
available accounting data, if these are to yield the hidden relationship which the cost 
function represents.” 
After this processing, the second problem is the purely statistical one of 
how best to estimate the relationship existing between Cost and Output. 


(a) Processing the Data. Each of the three cost categories was deflated 
with an appropriate Price Index number. This procedure involves two 
assumptions: first, that changes in relative factor prices have not resulted 
in any substitution between those factors in the productive process, and 
second, that changes in the firm’s output have not had any influence upon 
factor prices. The first assumption is obviously justified since men are a 
poor substitute for coal in the generation of electricity and vice versa, and 
the second seems equally reasonable, except perhaps in the case of the 
very largest firms. 

The factor Price Index numbers employed are shown in the table in 
Appendix I.* Index A is based on the average cost of fuel to generating 
stations, including handling charges. Index B is an index of the calorific 

* Mr. L. O’Donnell has kindly supplied me with Index Numbers A, B, and C. 
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value of coal. A new index A! (= A/B) has been formed and used to 
deflate the original fuel cost series for each firm. This gives the value of the 
fuel consumed in each year stabilized at 1938 Average Prices and Average 
Calorific Value. The B index, unfortunately, is not available prior to 
1935, but it is probable that the changes in quality since the base year 
1938 are greater than those in the thirties. Index C is an index of the 
Average Annual Earnings of all persons engaged in regular employment in 
maintaining and operating electricity undertakings. It therefore covers 
more than the earnings of those employees engaged solely on generation 
work, but it does not seem likely that any differential between the earnings 
of (a) employees concerned with generation alone, and (b) the other 
employees of electricity undertakings has altered appreciably during the 
period studied. Index C has therefore been used to deflate the second 
category of Working Costs, i.e. Salaries and Wages. 

Index D has been formed by combining with equal weights the Index 
of Average Earnings (C) and the Board of Trade’s Index for the Prices of 
Industrial Materials, and has then been employed to deflate the third cost 
category, ‘Repairs and Maintenance, Oil, Water, and Stores’. This separa- 
tion between the second and third cost categories is only available since 
1932. For the earlier years the Working Costs of Generation were simply 
divided in the Returns into (a) Fuel Costs, and (b) Other Costs. Ideally, 
therefore, a new Index should be constructed for the deflation of ‘Other 
Costs’ in the five years 1927-31. Since ‘Salaries and Wages’ and ‘ Repairs 
and Maintenance, Oil, Water, and Stores’ are in many cases of roughly the 
same size, and since labour costs constitute about 50 per cent. of the latter 
category, the new Index should be weighted three-quarters ‘Average 
Earnings’ and one-quarter ‘Prices of Industrial Materials’. Because of 
the predominating weight of ‘Average Earnings’ and the fact that for 
many of the sample firms there are few or no observations in these five 
years, we have simply used Index C alone for the correction of any ‘Other 
Cost’ data that appeared. 

There are three final difficulties attendant upon the use of these Factor 
Price Index Numbers. All indexes relate to calendar years, except C, 
which relates to fiscal years 1 April to 31 March. For simplicity, in com- 
bining C with the Price Index of Industiial Materials, we have taken each 
value of C to correspond to the calendar year which contained 9 months 
of the actual fiscal year, i.e. the 1946-7 figures have been taken to relate 
to the calendar year 1946, and so on. Secondly, these index numbers have 
been applied to deflate the cost data of both Public Authority and Com- 
pany undertakings. The accounting year for the former is April—March 

and, for the latter, January—December, so that there is not in all cases an 
exact correspondence between the periods to which the Index Numbers 
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and the cost data relate—the minimum common period being, of course, 
9 months. This, however, is unlikely to effect the trend of the deflated 
figures, though their absolute value may be, throughout, slightly too high 
or too low. Thirdly, the common set of deflators has been applied to all 40 
sample firms. Ideally a separate set of deflators should be constructed for 
each firm. But even if the data were readily available, it is very doubtful 
if the enormous labour involved would be justified by the resultant gains 
in accuracy. When the three cost series had been deflated for each firm, 
they were summed to give Total Deflated Working Costs for each Output. 


(6) Statistical Estimation of the Cost-Output Relationship 


(i) Single equation v. Multiple equation approach. In recent years 
a revolution in statistical methodology has been engineered, largely by the 
econorastricians of the Cowles Commission at Chicago.* They have severely 
criticized the use of least-squares regression and correlation methods to 
derive any single economic relationship, because the variables with which 
the economist has to work are not capable of being varied at will as in 
experimental sciences. The so-called independent variables in any single 
relationship, such as a demand or supply function, are themselves deter- 
mined by the interaction of the whole system of simultaneous economic 
relationships. Thus, 

‘If one assumes that the economic variables considered satisfy, simultaneously, 

several stochastic relations, it is usually NoT a satisfactory method to try to determine 
each of the equations separately from the data, without regard to the restrictions 
which the other equations might impose upon the same variables.’ 
For example, a study of the production function requires not only the 
specification of the functional relationship between Output and Inputs 
but, in addition, a separate profit-maximizing (marginal productivity) 
relation for each variable input.!” Similarly, a study of the firm’s cost 
function, Y = f(X), would require the inclusion in the model of at least 
the ‘profit-maximizing’ equation dR/dX = dY/dX, since the firm is 
traditionally conceived as varying output so as to maximize its profits. 
Nevertheless, it is still recognized that if all the variables but one are 
truly independent, (i.e. capable of being varied at will by the experimenter, 
and not mutually interdependent), then the least-squares method is 
applicable to estimate the parameters of the single equation between the 
dependent and the one or more independent variables." 

The 40 firms in our study were all generating electricity (for the majority 
of the years studied) at such times and in such quantities as directed by the 
C.E.B. Thus they were in no wise in the position of themselves adjusting 
output in the search for maximum profits, as traditionally assumed in 
economic theory. Their problem was the single, internal one of minimizing 

4520.1 G 
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costs for the various, arbitrary output levels. Thus we may apply simple 
and multiple correlation techniques to derive the cost functions, treating 
cost as the dependent variable and output and time as the independent 
variables, as indicated by the set of equations (17) above. 


(ii) Choice between different forms of Cost Function. As shown 
in Section I, theory suggests the possibility that the Total Variable Cost 
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Function may take the form of a simple linear, quadratic, or cubic function 
of Output, with or without the addition of a linear term in 7’. Since any 
one of these six functions may be fitted to a given set of cost-output data, 
the problem is to choose which one is the best approximation to the true 
cost function underlying the data. 

The method adopted has been to commence by fitting one of the simplest 
equations of all, that giving Y1 as a linear function of X and 7’. The term 
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in 7 was only retained in the regression equation if its coefficient proved, 
on application of the ‘t’ test, to be significantly different from zero at the 
5 per cent. level. A scatter diagram was then drawn for each firm showing 
output plotted against ‘corrected’ cost (i.e. actual costs with the influence 
of 7 removed). Where there was the slightest indication of curvilinearity 
in the scatter, additional terms in X? and/or X* were computed, and 
retained in the final regression if they were significantly different from 
zero. A term in X? was computed for two-thirds of the sample firms and 
proved non-significant in more than half these cases. Only a few scatter 
diagrams indicated that a cubic function might possibly give a better fit, 
but the improvement was too slight to be significant in any case. 

Two fundamental assumptions implicit in the use of this test are (a) that 
the sample data are drawn from a normal universe, and (b) that the sample 
items are drawn at random, so that successive items are independent. 
The following is an attempt to test the extent to which our sample data 
for the 17 Short-Period firms fulfil these two conditions. Graph A illus- 
trates the frequency distributions of output for the 17 firms. Owing to the 
small number of observations in each case, it is difficult to judge the 
normality or otherwise of the distributions; but there are only about 5 
distributions which are markedly asymmetrical. The validity of the second 
assumption may be tested by computing the serial correlation coefficient 
for each firm’s outputs (i.e. the correlation of each output series with itself 
lagged one year). The results are shown in the following table: 


TABLE V 
Serial Correlation Coefficients for Outputs in 17 Short-Period Firms 








Firm no. ’, Firm no. fr, 
1 0-4165* 10 0-4500* 
2 0-7358** ll 0-1006 
3 0-3097* 12 0-5981** 
4 0-2585 13 0-5911** 
5 0-5608** 14 0-7051 
6 0-8606** 15 0-8112** 
7 0-4484* 16 0-8767** 
8 0-5803** 17 0-6790** 
9 0-6897** 














* Significant at 5 per cent. level. 
** Significant at 1 per cent. level. 


Only 2 out of the 17 coefficients are non-significant, while 4 are significant 
at the 5 per cent. point, the remaining 11 being significant beyond the 
1 per cent. point. Thus both requirements for the strict application of 
significance tests to the regressions are only very partially fulfilled. As a 
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consequence, the tests of significance may overstate or understate the 
probability that observed relationships may have resulted from chance, 
but in the absence of any alternative it is perhaps better to use a somewhat 
imperfect test than none at all, especially in view of the small number of 
observations from which each regression has been derived. 

The final 17 regressions for the firms with constant capital equipment 
are then sufficient to determine Marginal and Average Variable Cost, and 
hence to indicate which of the three alternative short-period cost situations 
prevailed in this industry. 

A similar set of regressions for the 23 Long-Period firms setts how- 
ever, only the first element of Total Long-Run costs. The second element, 
namely, the variation of capital charges with variations in output (and 
hence scale of plant) must be estimated and added to the first. The result- 
ing Long-Run Total Cost Function will then enable us to say whether the 
traditional assumption of a U-shaped Long-Run AC curve is applicable 
to this industry. 


IV. Results 


Table VI gives the regression equations and the correlation coefficients 
for the 17 Short-Run analyses. From columns (7) and (8) it is seen that 


the fitted regressions have explained a very high percentage of the total . 


variance in Y1, the average figure being 94-1 per cent. Ten of the 17 
regressions have explained more than 95 per cent. of the variance in the 
cost data, and the fit of the corresponding lines or surfaces to the observed 
data must be considered very good. The average correlation coefficient 
is found to be 0-966. In no case is the correlation coefficient below 0:9, 
while in 12 cases it is greater than 0-95. 

The best-fitting regressions are of two main types: 

(a) Twelve equations contain only a linear term in Output (X), the 
coefficients of X? and X® both being non-significant. These 12 cost 
functions thus yield constant Marginal and . Average Variable Cost curves, 
and they correspond to the third type df short-period cost situation 
specified in Section I. Of these 12 regressiows, 7 also contain a significant 
term in 7’. This latter term is significant at 10 per cent. level in 2 cases, 
at 1 per cent. level in 2 cases, and at 0-1 per cent. level in the remaining 


3 cases. The economic interpretation of a significant term in 7’ is that the . 


cost function is shifting slowly but regularly with the passage of time, the 
direction and extent of the shift being indicated by the sign and magni- 
tude of the coefficient of 7’. Five out of the seven coefficients of 7' have a 
positive sign, indicating a predominance of those factors such as plant 
obsolescence, &c., making for an increase in costs. 

(6) Five firms have a quadratic Total Variable Cost Function, and all 
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but one of them have a significant term in 7' as well. In only one of the 
five cases is the coefficient of X? significant at 0-1 per cent. level, while 












































TABLE VI 
Summary of Short-Period Results 
Percentage of 
. : Y! variance 
Firm rian nite A cr ant explained by | _ 
no. a bx cX* aT regression R (or ¥)* 
(1) (3) (4) () (6) (7) (8) 
% 
1 3-9 | +2-048X 96-0 0-978 
+0-111*** 
2 5-1 | +0-958X 97-4 0-986 
+0-044*#* 
3 3-8 | +1-540X 94-5 0-970 
+0-090*** 
4 16-7 | +1-122X 89-3 0-942 
+0-0979** 
5 42-4 | +0-634X 97:8 0-988 
+0-027*#* 
6 15-9 | +0-550X +0-1557 83-7 0-904 
+0-077*** +0-078 
7 42-1 | +0-678X +0-875T 89-3 0-937 
+0-066*** +0-224** 
8 18-3 | +0-889X —0-639T 97-4 0-985 
+0-042*** +0-079*** 
9 16-2 | +0-847X +0-485T 96-1 0-978 
+0-049*** +0-119*** 
10 10-3 | +1-133X +0-2197 91-9 0-952 
+0-098*** +0-118 
11 13-0 | +0-789X +0-415T 95-8 0-976 
+0-069*** +0-112** 
12 4-6 | +1-046X —0-162T 90-2 0-943 
+0-090*** +0-034*** 
13 20-6 | +2-072X —0-0065X* | —2-035T 95-8 0-974 
+0-527** +0-0028* +0-323*** 
14 73-2 | —0-579X +0-0065X? ‘ 88-0 0-926 
+0-409 +0-0023* 
15 3-7 | +1-694X —0-0427X2 | —0-2477 99-1 0-995 
+0-110*** +0-0055*** +0-042*** 
16 17-2 | +2-285X —0-0178X* —0-813T 98-6 0-992 
+0-257*#* -+0-006** +0-182*** 
17 3-8 | +2-439X —0-058X? —0-307T 98-9 0-993 
+0-231%** +0-018** +0-047*** 
Average 94-1 0-966 














Y! = Total Deflated Working Expenses (£000). 


X = Annual Output (Mn. units). 
T = Time (years). 


* R (or #) = Estimate of the correlation in the populations, i.e. Sample values of R(r) adjusted 


* 
* 
4% 


for Degrees of Freedom. 
Significant beyond 5 per cent. level (345). 


1 » 
0-1 ,, 


(xd). 


3) 


” , (ress 5 
For firms Nos. 6 and 10, T is only significant at the 10 per cent. level. 


two are significant at 1 per cent. level, and the remaining two at 5 per cent. 
level. The sign of the X? term, in 4 of the 5 firms, is negative, contrary 
to theoretical expectation, which postulates steadily increasing AVC and 
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MC functions in the case of a quadratic total cost function. Two possible 
explanations of this discrepancy are, perhaps: 

(i) As explained earlier, the usual tests of significance are not strictly 
applicable to these data, and we have no means of estimating the error 
involved in applying them. Therefore, the ‘true’ cost function may well 
be linear as in the first twelve cases, or, 

(ii) Since the output observations usually fall well short of maximum 
output, the quadratic functions with a negative term in X? may be just 
the first section of the orthodox third degree polynomial, the second 
section not being observable in practice. The reasonableness of this 
hypothesis can only be tested by examining the size of the larger outputs 
of each firm in relation to its capacity. For this purpose the coefficients of 
variation shown in Table III above are not sufficient, since they refer to 
the dispersion of outputs about the mean value, so that it is quite possible 
for a firm to exhibit a large coefiicient of variation and yet have no outputs 
near peak capacity because of a low average output. Nor are the load 
factors shown in the Engineering and Financial Statistics any help since, 
in the case of firms generating under the instructions of the C.E.B., these 
load factors are based on the firms’ distribution activities. Load factors 
relating specifically to generation are, however, given in a different set of 
annual returns—‘Generation of Electricity in U.K.’ The earlier issues of 
these are now out of print but an examination of those available (1946, 
°45, °37, ’35, ’33, °32, ’31, 30) shows the load factors of the firms in question 
to be roughly similar to those of the other short-period firms, so it is un- 
likely that this hypothesis accounts for the negative sign of the term in 
X?, Further, if it were merely the first section of the orthodox cubic 
polynomial, then most of the other firms would be expected to show a 
similar curvature, since they have equally high outputs in relation to 
capacity. Taking into consideration, therefore, the small number of firms 
showing a significant term in X?*, the conflicting signs, and the rather low 
significance levels of the regression coefficients, the short-period results 
tend to support the thesis of a Linear Total Cost Function with constant 
AVC and MC functions. 

The nature of these curves and the method of their derivation may be 
better appreciated with the aid of a few graphs. Graph B illustrates the 
simplest type of Total Cost Function—a linear regression giving Y+ in 
terms of X. Each point of the scatter indicates a given annual output for 
Firm No. 5 and the associated value of Deflated Total Working Expenses. 
Fitting a simple linear regression of Y1 upon X gave the equation Y! = 
42-4+0-634X with r? = 0-978, i.e. the linear relationship accounts for 
97-8 per cent. of the variance in the deflated cost figures. In this case the 
inclusion of terms in 7', X*, or X* did not add significantly to the per- 














ble 


tly 
ror 
ell 


1m 
ust 
nd 
his 
1ts 


to 
ale 
its 


~ 


one, 2 





me ym 





J. JOHNSTON ; 87 
centage explained variability, so that the linear equation is taken as our 


estimate of the cost function. 


400- 


Ss 
=} 


Total deflated working cost &'000 











100. i n 4 1 aoe 
200 300 400 500 600 
Output (Mn.units) 
Grarx B 


r 


= 
o 
T 


Total deflated working costs £'000 











40 
Output (Mn. units) 
GraPH C 
Graph C shows the original cost-output scatter diagram for Firm No. 8. 


The trend of the scatter is approximately linear, but a simple linear 
equation only accounted for 86-5 per cent. of the variance in Y!, Upon 
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examination of the scatter of points about this regression line, it is seen 
that the observations for the years 1929-38, inclusive, all lie above the 
regression line ; the observation for 1939 lies exactly upon it, and those for 
the years 1940-7 all lie below it. This suggests the existence of a down- 
ward trend in costs with the passage of time. Therefore we include T7' as 
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an additional explanatory variable, and fit a multiple linear regression of 
the general form Y! = a+bX-+c7'. This results in the equation: 


Y1 = 18-3+-0-889X —0-6397'. 
Then for each year we compute what cost would have been in the absence 
of any time trend: this is done by inserting the appropriate value of 7’ in 
the expression Y+0-6397', 


where Y denotes the actual deflated cost figures as compared with Y} 
which represents the values given by the regression equation. The series 
of values given by 
Y+0-6397' (in general Y—cT') 

is labelled here ‘corrected cost’ and plotted against output in order to 
examine more fully the net relationship between cost and output when the 
influence of Time upon the former has been removed. (In all cases the 
origin of measurement for 7’ has been taken at the centre of the period 
covered by the particular set of observations.) This net scatter is shown 
in Graph D. The net linear regression has a somewhat gentler slope than 
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the simple regression of Graph C, as may be seen by comparing their 
respective equations. The scatter of the observations about the regression, 
however, is much closer in D than in C, and the inclusion of 7 in the 
analysis has in fact raised the percentage of explained variability from 
86-5 to 97-4 per cent. There is a very slight suggestion in Graph D that a 
quadratic function in X might give a still better fit. So, as the next step, 
X? was included in the analysis and the partial correlation coefficient 
between Y1 and X? computed, with X and 7 held constant. This co- 
efficient was —0-2790, which was shown to be non-significant by the use 
of the ‘t’ test. Finally, the net scatter gives absolutely no indication that a 
cubic term in X would significantly improve the fit, so the best-fitting cost 
function is here a Linear Multiple Regression in X and 7’. 

The third type of cost function found is illustrated in Graphs E and F. 
Graph E shows the original scatter with a simple linear regression account- 
ing for 96-3 per cent. of the variance in the cost data. The inclusion of 7’ 
raises this percentage significantly to 97-8 per cent., the partial correlation 
coefficient being ry» » = —0-6365, which is significant at 1 per cent. level. 
The net scatter between corrected cost and output is then examined, as 
above, and X? again included. This time the partial coefficient between 
Y and X? with X and 7’ constant is found to be significantly different from 
zero, and the corresponding multiple curvilinear regression advances the 
percentage of explained variability still farther to 98-6 per cent. The net 
curvilinear regression is shown in Graph F. 

In addition to visual inspection of the partial scatter diagrams and the 
application of the ‘t’ test, a further method of investigating the fit of a 
given function to the observed data is to test the ‘unexplained’ residuals 
for randomness. The residuals are the deviations of the observed Y values 
from the corresponding points on the regression line or surface. These 
residuals may then be arranged either in order of time, or in ascending or 
descending order of output. If the fit of the function is satisfactory, both 
sets of residuals should be random, i.e. successive residuals should not tend 
to have like signs. The randomness of the residuals may be tested either 
by computing their serial correlation coefficient or by the use of the mean- 
square successive difference method. These tests were applied to six of 
the seventeen firms, taking care to include Firm No. 6, which had the lowest 
percentage of explained variability. The firms tested were Nos. 1, 6, 7, 8, 
9,and13. The average percentage of explained variability in these six firms 
was 93 per cent., which is slightly lower than the average of 94-1 per cent. 
for the whole group. For all firms except No. 6 the tests showed both sets 
of residuals to be random, thus reinforcing the conclusions of the previous 
tests that the fitted functions give a very good explanation of the observed 
data, and that no important explanatory variable has been omitted. 
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A valuable test of the Marginal Cost Functions derived from the regres- 
sion equations is to compare them with the successive values of AY / AX 
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computed from the cost-output data, where AX is the observed change in 
output (positive or negative) between successive years and AY is the 
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corresponding change in cost. Each AY/AX value may then be plotted 
against the corresponding value of X, and the resultant series of observa- 
tions compared with the Marginal Cost Function given by the derivative 
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of the Total Cost Function. Where Time has been included in the regres- 
sion equation, the AY values are computed from the series of deflated 
costs corrected for the influence of Time, and the linear Marginal Cost 
Function is calculated for the middle of the period, i.e. where 7’ = 0. Sub- 
stituting different values for 7’ would merely move the Marginal Cost line 
up or down without changing its shape. The results of these calculations 
for 4 of the 17 firms are shown in Graph G, the thick lines joining succes- 
sive values of AY/AX and the thinner lines showing the derived MC 
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function. In most cases the fit of the computed MC functions to the 
AY/AX values is fairly good. This is particularly true for Firms No. 2, 
5, 6, 7, 8, 10, and 11. For the first 13 firms also the trend of the AY/AX 
values seems approximately linear, in agreement with the computed MC 
functions. For firm No. 14, which had a quadratic Total Cost Function 
and linear, increasing marginal cost, the AY/AX values suggest constant 
marginal cost. (The coefficient of X? in the regression equation was only 
significant at 5 per cent. level.) For the remaining 4 firms, Nos, 13, 15, 16, 
and 17, the trend of the AY /AX figures is in accord with the declining 
Marginal Cost Functions derived from the regression equations. Thus the 
two methods of computing marginal cost are in substantial agreement, 
and in two-thirds of the cases result in constant Marginal and Average 
Variable Cost Functions over the observed range of output, which sug- 
gests that the prevailing type of short-period cost situation in this industry 
is the third type outlined in Section I.* 


The Long-period Results 

A similar analysis was carried out for the 23 firms whose capital equip- 
ment had not remained constant during the period studied. Y1, as before, 
represents Total Deflated Working Expenses and X output, but this time 
the regression of Y1 upon X is not sufficient to determine the shape of the 


* Professor Champernowne has suggested that whilst the coefficients of X* or X* may 
prove non-significant in individual regressions, because of the small number of observations 
on which each regression is based, it may be possible by considering these coefficients in the 
aggregate to infer something about the possible curvature of the Total Cost Function. 
The following Table shows the non-significant partial correlation coefficients for 10 out of 
the 12 remaining Short-Period firms. 

TABLE VI (a) 
Partial Correlation Coefficients between Y1! and X? 
(all non-significant at 5% level) 








Positive Negative 
coefficients coefficients 
0-3933 (14) — 0-0964 (17) 
0-3379 (8) —0-1399 (14) 
0-0646 (12) —0-2790 (15) 
0-1475 (12) —0-4539 (12) 

—0-0167 (15) 
—0-2513 (14) 








Degrees of freedom shown in brackets. 


In the case of the other two firms, it was obvious from inspection of the net scatter diagrams 
that a second or third degree function would give a worse fit than the linear regression, and 
so no additional terms were computed. For one of the above 10 firms, the scatter gave 
a slight indication that a cubic function might improve the fit. The partial correlation 
coefficient between Y* and X* was 0-1512 (11), again non-significant. Considering significant 
and non-significant coefficients together for the 15 Short-Period firms then yields a Total 
Cost Function with negative curvature (M.C. decreasing) in 10 cases, and positive curvature 
(M.C. increasing) in 5 cases. In view of the conflicting signs and the fact that 10 of the 15 
coefficients are not significantly different from zero, it would seem that the slight curvature 
displayed is of a spurious nature. 
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Total Cost Function, since capital charges will vary as the firm moves 
from one scale of plant to another. 
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TaBie VII 
Summary of Long-Period Results 
Percentage of 
: : Y? variance 
Firm ras «rte ha explained by 
no. y} a bX cX? dT regression R (or F) 
(1) | (2) (3) (4) (5) (6) (7) (8) 
% 

18 Yi= 71-5 | +0-588X 95-8 0-978 
+ 0-:029*** 

19 Yi!= | 13-6] +0-645X 98-9 0-994 
+0-016*** 

20 | Y'= 16-9 | +0-647X 99-6 0-998 
+0-010*** 

21 Yi= 4-5 | +1-063X 98-6 0-992 
+0-034*** 

22 Yi= | 72-7] +0-546X 93-4 0-965 
+0-034*** 

23 Yi= | 28-3) +0-570X 97-3 0-985 
+0-028*** 

24 | Y'=| 96-9) +0-693X 93-6 0-965 
+0-050*** 

25 Y!= | 109-5 | +0-543X 94-4 0-969 
+0-038*** 

26 | Y=] 21-6] +0-602X 99-4 0-996 
+0-013*** 

27 Y!= | 77:0] +1-316X —0-00133X? 97-9 0-988 
+0-212*** | +4.0.000516* 

28 | Yi= 15-3 | +0-613X os —0-672T 99-3 0-996 
+0-016*** +0-248* 

29 Y3= | 46:3] +0-499X +1-155T7 99-2 0-996 
+0-018*** +0-380** 

30 Yi= | 207-1] +0-348X +11-028T 91-4 0-951 
+0-120** +4-356* 

31 Yi=a 54:7 | +0-671X +6-101T 99-6 0-998 
+0-033*** +0-827*** 

32 Yi= | 36-9] +1-147X —0-00069X? +14-173T 98-8 0-992 
+0-306** +0-00027* +1-438*** 

33 Yi= 99-1 | +0-442X ae +6°754T 99-6 0-998 
+0-028*** 4+3-417** 

34 Yi= | 115-6} +0-375X + 15-7367 99-6 0-997 
+0-035%** +2-488*** 

35 Y!= | 192-8; +0-481X +5-226T 96-0 0-976 
+0-034*** +1-143*** 

36 Yi= | 112-7] +0-539X +16-751T 99-4 0-996 
+0:022*** +1-964%** 

37 Yin 24-4] +0-973X —0-0012X? os 99-8 0-999 
+0-053*** +0-0002*** 

38 Yi= | 144-4] +0-153X +0-0005X? +8-1327 97-4 0-984 
+0-152 +0-0002* +1-864*** 

39 Yi= | 35:3) —0-640X +0-0300X? +0-525T 93-5 0-961 
+0-458 +0-0080** +0-133** 

40 yi= 9-4] +0-591X +0-1092X? —0:240T 98-5 0-991 
+0-410 +0-0230*** +0-094* 

Average = 97-5 0-985 





Notes and Definitions same as Table VI. 


Examining first of all the regressions of Total Working Expenses on 
Output as shown in Table VII, it is seen that the equations fitted have 
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explained an even higher percentage of the Y1 variance than in the short- 
period cases. The average percentage is now 97-5 per cent. and the average 
value of R is 0-985, while several individual values of each exceed 0:99. 
Once again the predominating type of equation is a linear function of out- 
put, with or without the inclusion of a term in 7’. Seventeen of the equa- 
tions are of this type, and the remaining 6 yield quadratic cost functions, 
while none of the 23 scatter diagrams gave the slightest indication that a 
cubic function would improve the fit. Of the 17 functions linear in X, only 
8 have an additional term in 7’. The sign of the latter term is positive in 
all cases except one, thus once again indicating the preponderance of those 
factors making for a rise in costs with the passage of time. (Alternatively 
it is perhaps possible that the average index numbers used failed to correct 
fully for rising factor prices in all the firms in the sample.) 

This linear relationship between Total Working Costs and Output is 
strongly supported by two ‘cross-section’ studies. The first is based on a 
sample of 40 firms for the year 1946-7 with outputs ranging from 1-1 mn. 
units to 1150-5 mn. units. The simple linear regression was 


Y! = 57-6+1-3928X 


with r? = 0-9534 and r = 0-9764. The scatter and regression line are 
shown in Graph H, and the terms in X? and X° are both non-significant.* 

A similar analysis of 33 firms in 1938-9 gives another linear regression 
and no evidence of curvilinearity, with r? = 0-9758 and r = 0-9878. These 
data are shown in Graph I. There seems little doubt, therefore, that the 
relationship of Total Variable Costs to Output is a linear one, both for 
different firms of varying plant capacity and for a single firm at different 
levels of plant. 

Finally, in order to estimate the Long-Run Cost Function of economic 
theory, it remains to study the variation of capital charges with output as 
the firm moves from one plant scale to another. The published British 
Statistics are of no assistance in this matter. An attempt to obtain informa- 
tion from leading manufacturers of generating equipment also proved 
abortive because of the secrecy surrounding the cost of current projects 
and the limited number of projects completed in the past by any single 
firm under conditions of approximately constant factor prices. The only 
statistical data obtainable on this topic are in the useful ‘Station Cost 
Surveys’ compiled by the Electrical World, and these data relate exclu- 
sively to American stations. The largest post-war survey” gives the follow- 
ing relevant data for over 100 undertakings in 1947: 

(a) Installed Capacity (in 8 grades rising to 200,000 kW. plus) ; 

(6) Output; (c) Annual Fixed Charges per unit of Output. 

* See also Note (1), Appendix II. 
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These fixed charges consist of the cost of such items as Land, Structures, 
Boiler Plant equipment, Turbogenerator unit, Accessory electrical equip- 
ment, &c., assessed for all the firms in the survey at 15 per cent. per annum, 
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and expressed per unit of output. The two serious drawbacks of the data 
for our purposes are, 

(i) Exclusion of management costs, and 

(ii) The fact that the plant costs depend not only upon the amount of 
plant but also upon the date at which it was installed. Some of the firms 
in the survey were still operating plant originally installed in the decade 
1910-19. Roughly speaking, plant and construction costs were fairly high 
in the twenties, low in the thirties, and high again in the post-war period.” 
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Thus the true relationship between fixed charges and installed capacity 
will be obscured by any differences in the age structure of the equipment 
of different firms. Furthermore, the relationship between fixed charges 
and output, which we require, is influenced by variations in load factors 
between firms. Nevertheless, a sufficiently large number of firms will help 
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to average out these variations and give some idea of the relationship 
obtaining between annual fixed costs and output. Omitting those under- 
takings using fuels other than coal (so as to conform to the British firms) 
left 73 firms. There remained the choice of working with the annual fixed 
cost data in total or average form. Both methods were used, and the data 
are shown in Graphs J and K. 

As can be seen from Graph J, where Total Fixed Cost per annum is 
plotted against Output, the majority of the observations are in the lower 
output ranges so that it is difficult to determine the shape of the relation- 


ship over the whole range. A simple linear regression yields the equation, 
Y = 132:3+2-6387X, 
where Y = Total Fixed Costs per annum ($000) and X = Output (Mn. 
units). The corresponding correlation coefficient is 0-9212. A term in 
X? here proves significant, yielding a curvilinear regression, 
Y = 382+1-8030X+0-0003674X? 
with R = 0-9301. Despite the significance test it is difficult to choose 
between the linear and curvilinear regressions, owing to the unsatisfactory 
nature of the data. For example, it is possible that the larger plants had 
4520.1 H 








98 STATISTICAL COST FUNCTIONS IN ELECTRICITY SUPPLY 


proportionately greater extensions of plant in the last decade, when con- 
struction costs were high. This would help to account for the curvilinear 
regression, but it is impossible to check this hypothesis from the data as 
the age structure of each firm’s equipment is not given. Secondly, all 
capital charges have been computed at an arbitrary 15 per cent. Larger 
utilities, however, are probably able to borrow at a lower rate than the 
smaller firms, and this again would tend to straighten out the curvilinear 
regression. 

A supplementary aid in choosing between the two regressions is to con- 
sider the average cost data shown in Graph K. In addition to the original 
scatter, the array means for various output ranges and the Average Fixed 
Cost curve derived from the Linear Total Regression are shown. The latter 
falls very steeply at first and then tends to flatten out into a practically 
horizontal straight line, and it seems to describe adequately the variation 
in the data. It is important to note the distinction between this AFC curve 
and the AFC curve of short-period analysis. The latter relates to a given 
level of Total Fixed Cost, which is constant for the range of output studied, 
yielding in consequence a rectangular hyperbola asymptotic to both axes. 
The AFC curve of this section shows Average Fixed (Capital) Costs per 
unit of output as output varies over a wide range of different plant scales, 
and we conclude that, apart from the steep initial fall, this curve approxi- 
mates to a horizontal straight line over the major part of the range of 
possible outputs.* The intra-firm and the inter-firm studies above also 
show that the other component of Long-Run Average Cost (namely, 
Average Working (Variable) Cost per unit of Output) is of approximately 
the same shape—falling steeply at first and then flattening out into a 
practically horizontal straight line (as a consequence of the Total Variable 
Cost regression being linear). Therefore the Long-Run Average Cost curve 
will have the same basic shape as its two components—falling steeply at 
first, and then being approximately constant over the major part of the 
output range. 

Finally, a last way of studying the Long-Run Average Cost curve is to 
compute the parameters of equation (19) of Section I, incorporating Plant 
Size explicitly into the analysis. As data on A.C. (i.e. AFC-+-AVC) do not 
exist, the variables with which we work are: 


Y = Average Variable Cost (pence per unit of output). 
X = Output (Mn. units). 
Z = Plant Size (000 kW.). 


By least-squares analysis we then obtain the parameters of the following 
general equation: Y = a+b, X+6, X?+cXZ+d,Z+4d, 2. 
* See Note (2), Appendix II. 
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This yields the following regression for data relating to 56 sample firms 
in 1946-7. 
Y = 1-238950+-0-003256X + 0-000002926X?— 0:00004618XZ— 


— 0:026081Z-+-0-00018389Z? 


with R = 0-5894. 

The next step was to hold Plant Size constant at the following values 
(10,000 kW.; 20,000 kW.; 37,500 kW.; 75,000 kW.; 100,000 kW.; 
125,000 kW. ; 150,000 kW. ; 175,000 kW. ; 200,000 kW. ; and 250,000kW.) 
and compute the equation of the AVC curve for each case. The results are 
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shown in Graph L, and they lend striking support to the previous analysis. 
The minima of successive AVC curves lie on a practically horizontal straight 
line, substantiating the results of the 23 long-period and 2 ‘cross-section’ 
studies given above. (The individual, short-period curves are mostly 
U-shaped, but this follows automatically from the inclusion of X? in 
equation (19) and the fact that no significance tests were applied.) As 
before, the envelope to these curves is only the first component of Long 
Run Average Cost, but if Graph K is a reliable indication of the second 
(capital cost) component, then Long Run Average Cost is approximately 
constant over large ranges of output, or, in other words, the economies of 
scale in electricity generation can be fully exploited by firms of quite 
medium size. 
4520.1 H2 
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V. Conclusions 


To summarize, our aim has been to derive the net relationships between 
Cost and Output in both the Short and Long Period, in order to see to 
what extent the cost-output relationships of economic theory are sub- 
stantiated by actual experience in this industry. This has required the 
removal from the cost data of the influence of factors other than output 
changes by the use of index numbers of price and quality and the subse- 
quent use of multiple correlation analysis in conjunction with the usual 
statistical tests of significance in order to ‘choose’ between alternative 
regressions. 

The results are more or less in accord with expectation. From the short- 
period data presented in Table VI it is seen that the weight of evidence is 
in favour of the third type of cost situation outlined in Section I (c). (See 
Figure III.) Marginal and Average Variable Cost are constant over the 
observed range of output, while in electricity generation the capacity of 
the existing plant sets an absolute limit to the output range. AC at first 
falls steeply and then flattens out, tending towards the constant MC line 
as an asymptote. 

The estimation of Long-Run Average Cost is much more dubious owing 
to the severe defects of the available data on capital costs. After an 
initial fall, Average Working Costs are approximately constant over the 
rest of the output range, and the capital cost data tend to support a similar 
thesis with respect to AFC. Long-Run Average Cost, therefore, falls 
quickly and steeply, thereafter approximating to a horizontal straight line. 

Finally, there are three important criticisms applicable to this and 
similar studies. 

(a) The first is that available data seldom provide sufficient observations 
at very low and very high outputs, so that the fitted functions are only 
partially complete, and cannot be extended with any confidence in either 
direction. Thus, for example, the statistical finding of constant marginal 
cost is not held to have disproved the Law of Diminishing Returns, since 
there may have been no or few observations in the critical output range 
where diminishing returns obtain. This is perfectly true, and in the 
present study the enforced use of annual data necessarily disguises the 
possible results for peak periods. On the other hand, the paucity of ob- 
servations in these regions often has a moral of its own. It is that, while 
diminishing returns figure largely in the economic theory of cost, and are, 
for example, an essential prerequisite for the theoretical equilibrium of 
the individual firm under conditions of perfect competition, they are in 
fact seldom found in practice because entrepreneurs attempt, if possible, 
to stay within the output range where the tendency towards diminishing 
returns is hardly operative. The actual shape of functions in this important 
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intermediate range is much more important both for business policy 
decisions and theoretical deductions about the functioning of the 
economic system than their probable shape in regions of output seldom 
reached. 

(6) The second point relates specifically to cost studies based on time 
series data. Briefly, the possible objection is that, if the normal period of 
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work has changed during the time covered by the observations (e.g. @ 
reduction of the work-week or a change over from single- to double-shift 
working), then the resultant cost-output points, even after correction for 
factor price changes, &c., lie on several separate and distinct cost curves. 
Graph M illustrates the three Total Variable Cost curves for One-, Two-, 
and Three-Shift working in a hypothetical example, where the orthodox 
assumption of at first increasing and then diminishing returns has been 
made. It is obvious that there exists a family of TVC curves, each one 
corresponding to a different length of work-week. Each curve is of the 
same basic shape, as this is determined by changes in the ratio of variable 
to fixed factor. Changes in the length of period for which these various 
combinations are assumed to hold merely result in expansions or contrac- 
tions of that basic shape. 

If, then, cost-output data are drawn from successive periods, during 
which the length of work-week has varied, a fitted function would be a 
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‘mongrel’ or ‘hybrid’ relationship, which would not necessarily approxi- 
mate any one of the separate cost curves. Further, it is fairly obvious from 
Graph M that a family of such curves may produce a band of observations 
in the middle output ranges which is predominantly linear and will easily 
satisfy every statistical test for linearity. It was not completely possible 
with the information at our disposal to determine whether every firm in 
the sample had a constant number of generation hours each year. A 
priori, undertakings generating electricity are liable to much greater varia- 
tion in the total number of hours worked per annum than most manu- 
facturing industries. Many generating stations, however, are in continuous 
operation for 8,760 hours a year and in their case this criticism does not 
apply, but it is recognized as a valid criticism of cost functions derived for 
firms which experienced a varying number of total hours of work each 
year. The annual Generation Returns classify undertakings according to 
hours of generation as follows: 





Category A = 8,760 hours in the year. 
B = 6,600-8,759 hours in the year. 


9? 


C = 2,400-6,599 hours in the year. 


o9 


D = Under 2,400 hours in the year. 


be) 


These returns, however, were not published during the war years and 
even this fourfold classification was not available for the early thirties. 
From the fragmentary information available, however, most of our sample 
firms seem to have remained in the same broad category over the 
years. 

(c) The third criticism also relates to the time factor. In the theoretical 
formulation of the laws of return and cost, different quantities of a vari- 
able factor, V;,, Vp,..., V,, are assumed to work with a fixed factor (F), 
and the resultant outputs X,, X,,..., X, per period of time are noted. 
But each output is conceived as resulting from the use of a single com- 
bination of variable and fixed factor in the given time period ; for example, 
X, results from the continued use of the combination V, F for the time 
period in question, and not from using many different combinations of VF 
in successive intervals of the given time period. But empirical data will 
seldom fulfil this condition. The use of a year as an accounting period will 
conceal important variations of cost and output within that time. A 
firm’s output of electricity in a year will have been achieved by the use of 
so much coal, labour, and other materials, but the time distribution of 
those inputs within the accounting period may vary widely for the same 
firm in different years or as between different firms in the same year. The 
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cost of a given year’s output would therefore be expected to vary accord- 
ing to the way in which it was achieved. This suggests the desirability of 
including an extra variable to denote the time-distribution of inputs, but 
the published data do not permit its calculation. 


DEPT. OF ECONOMICS. 
UNIVERSITY COLLEGE OF 
NORTH WALES, 
BANGOR. 
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APPENDIX I 
Factor Price Index Numbers for use as Deflators 
































D = equal weights 
given to C and 
A B Cc prices of industrial 
Inclusive fuel | Calorific value of A’ Average earnings materials 
Year |cost (1938 = 100)\coal (1938 = 100) = A—B (1938-9 = 100) (1938 = 100) 

(1) (2) (3) (4) (5) (6) 

1946 224-5 94-3 238-1 162-7 170-4 

5 215-2 95-2 226-1 151-2 160-0 

4 190-8 96-3 198-1 167-4 166-0 

3 170-5 98-0 174-0 161-5 159-9 

2 159-8 98-4 162-4 158-1 156-4 

1 147-7 98-8 149-5 139-0 144-7 

40 124-0 99-1 125-1 130-3 132-0 

39 105-4 99-8 105-6 130-3 116-1 

8 100-0 100-0 100-0 100-0 100-0 

7 88-0 98-5 90-2 93-3 100-8 

6 76-4 98-0 78-0 94-2 93-3 

5 72-9 97-4 74:8 94-1 90-6 

4 68-4 68-4 93-9 90-0 

3 73-3 73-3 93-7 88-8 

2 76-3 76-3 95-1 89-5 
1 75-3* 75-3 95-1 
30 73-6 73-6 98-1 
29 74:3 74:3 99-5 
28 70-1 70-1 100-9 
1927 79-0 79-0 104-4 

















* B.E.A. figures only available down to 1932. Figures for the five years 1927-31 found by taking 
a simple average of Coal Price Relatives based on the prices quoted in U.K. Statistical Abstract 
No. 78, Cmd. 4801, pp. 224-5, and splicing this series on to the B.E.A. index. Extension of this 
Simple Average of Price Relatives for the years 1932-8 showed that it corresponded much more 
closely with the B.E.A. index for these years than either of the two alternatives of (a) a Simple 
Aggregative Price Index, and (b) the Coal Sub-group of the Board of Trade Index of Wholesale 
Prices, which were also tried. 


APPENDIX II 
Note 1. The Influence of Thermal Efficiency on Total Working Costs 


Data on Thermal Efficiency are available for 35 of the 40 ‘cross-section’ firms 
for the year 1946-7. So a second gnalysis was tried in which Thermal Efficiency was 
included as an additional explanatory variable, in order to take account of differ- 
ences in the age, type, and efficiency of different plants. The relationship fitted was \ 
the logarithmic form, 

Y’ = AXefV 


where V = Thermal Efficiency (per cent.). This form of equation was chosen since 
a given change in V may be expected to exert a constant proportional change, rather 
than a constant absolute change, in Y’. The fitted equation was 


with R? = 0-9878, and R = 0-9939. Holding V constant at its average level of 
19-54 per cent. for the 35 firms gives an alternative estimate of Average Variable 
Cost 

AVC = Y’/X = 5-8956X-02081, 


where Y’ is still measured in units of £000, and X in Mn. units. This gives an AVC 


y’ = 8-30 1LX07919¢ — 001757 
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curve declining somewhat throughout its length. A comparison of AVC values 
derived from the linear and logarithmic forms respectively is shown in the following 


table. 





























Output 
(Mn. units) 100 | 300 | 500 | 700 | 1,000 | 1,100 | 1,200 
Linear 
AVC | regression | 0-473 | 0-380 | 0-362 | 0-354 | 0-348 | 0-347 | 0-346 
AA Log. 
regression | 0-543 | 0-432 | 0-388 | 0-362 | 0-336 | 0-329 | 0-323 











Note 2. The Influence of Load Factor on Total Fixed Costs 


In a ‘cross-section’ study of capital costs a second important explanatory factor 
in addition to Output will be the Load Factor at which different stations are operated. 
Fitting a logarithmic function to the U.S.A. data for 1947 gives 

Y= 8-898X 0 94760—0-011495P 


where P = Plant Factor (per cent.) (ratio of actual net output to that obtainable 
over 8,760 hours of full rated capacity operation). R? = 0-9161, R = 0-9572. 
Holding Plant Factor constant at its average level of 66 per cent. for the 73 firms 
gives an alternative estimate of AFC, which is « closer approximation to a hori- 
zontal straight line than the AFC curve from the Linear Regression shown in 
Graph K. Comparative values are: 
































Output 
(Mn. units) 50 200 500 750 | 1,000 | 1,250 | 1,500 
Linear . 
AFC form 53 3-3 2-9 2-80 | 2-77 | 2-75 | 2-72 
Mills — 
unit 8. 
form 3-39 | 3-16 | 3-01 | 2:95 | 2:90 | 2:87 | 2-84 
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